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The Reaction Formaldehyde and Phenols 
with Wool 


Part The Linking Phenols 


Kenneth Johnson* 
Research Department, Wolsey Limited, Leicester, England 


Abstract 


The reaction wool keratin with formaldehyde and phenols dilute solution and neu- 
trality discussed. covalent linking the phenol the free amino groups the keratin 
under such conditions reactants not condense and polymerize suggested. 


Introduction treating certain proteins with solution form- 
Reactions proteins with formaldehyde involving aldehyde and phenol, Fraenkel-Conrat al. dem- 
the amino and phenolic groups have been described onstrated that this can used introduce 
Fraenkel-Conrat and Olcott They showed phenols that rich groups 
that stable cross-links are formed from the primary 
addition product formaldehyde and amino groups 


. . \ 
—methylolamines—by condensation with the reactive HCHO 
groups the phenol rings. This typical 


Mannich reaction and has been shown occur 

wool keratin Alexander, Carter, and Johnson 

are formed between the 

radical tyrosine 

neutral slightly acid solution about 40°C, al- 


though somewhat slower reaction proceeds room 


temperature. The formaldehyde and phenol will 


act with amino groups, but not with 

CO 

amide groups. 

Middlesex, England. keratin under mild conditions. 
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study the nature the reaction forms the subject 
this paper. 


Experimental Methods 
Materials 


completely extracted Merino wool fabric was 
used, knitted from twofold yarn 
quality using needles and courses per inch. 
The only previous treatment the wool received was 
scouring dilute soap and ammonia remove dirt 
and wool grease. 


Application Formaldehyde and Phenols Wool 


Commercial 40% formalin solution was used for 
all treatments, the formic acid and methyl alcohol 
present the solution having effect the re- 
the case water-soluble phenols, the wool 
solution, and then treated solution the phenol 
and formaldehyde liquor-to-wool ratio 30:1, 
unless otherwise stated, washed running water for 
creases were determined, the wool 
viously dried constant weight 110°C, weighed, 
and then finally dried constant weight 110°C. 
from aqueous alcohol. 


Tests 

Soap treated fabric stirred 
gently soap solution 70°C for min., 
liquor-to-wool ratio 50:1, 


Treatment Initial 
Phenol 1.1 
Phenol 4.6 
o-Cresol 2.9 
HCHO 2.8 
m-Cresol 5.8 
m-Cresol HCHO 15.7 
p-Cresol 7.7 
p-Cresol HCHO 4.9 
Resorcinol 0.4 
Resorcinol HCHO 3.0 
5.9 
a-Naphthol 0.9 
a-Naphthol HCHO 16.0 
Phloroglucinol 0.5 
Phloroglucinol HCHO 4.51 
2,6-Dimethylol-p-cresol —0.21 


2,6-Dimethylol-p-cresol HCHO 
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treated fabric was boiled for min. 

Solvents.—The treated fabric was extracted re- 

fluxing Soxhlet for hrs. 


Estimation Polymer Formation 


The extent polymerization the liquor was 
measured the loss free formaldehyde 
tion. The formaldehyde and phenol were heated to- 
gether flask under reflux either aqueous 
aqueous alcoholic solution. The free formaldehyde 


was estimated before and after and min. 


sulfite method Five milliliters the liquor was 
removed, made just alkaline 
which the preferred indicator and neutralized 
also neutralized thymolphthalein with HCl, was 
added, and the whole was titrated with V/10 


Microscopic Examination Fibers 


slide prepared from the fibers under was 
studied two directions right One hun- 
dred fibers were counted each direction, and the 
percentages unmodified and modified fibers were 
the scales resemble those perfect 
untreated fiber, the fiber classified 
fied,” but any stripping masking the scales 
visible, the fiber Photomicrographs 
were taken fibers that were considered rep- 
resentative all those examined. The photomicro- 


FORMALDEHYDE AND THEIR FASTNESS 
Over-all weight increase 
After fastness test in: 


Soap Acid Ether Alcohol 
—0.6 0.2 0.1 —0.3 
3.9 nil 3.6 3.9 
0.6 0.5 0.4 —0.2 
Ra —0.4 1.0 0.8 
0.4 0.1 0.1 0.4 
14.5 0.2 10.1 10.4 
0.6 
2.4 2.0 
0.1 —0.4 —0.1 —1.0 
3.0 0.2 2.9 3.0 
nil nil 
5.3 1.0 5.4 5.1 
0.2 0.1 —0.6 —0.2 
16.0 15.0 15.4 15.8 


4.51 4.13 4.50 4.48 


—0.24 
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INCREASE 


Concentration Weight increase 


0.013 1.01; 0.95 
0.033 2.10; 2.02 
0.133 3.31 
0.333 4.80; 4.78 
0.667 4.82; 4.85 


graphs are shown magnification approxi- 
mately 500 


Results 


The chemical linking phenols into proteins 
reaction with formaldehyde the free amino groups 
has been demonstrated and 
and discussed the Introduction. They 
showed that the covalent links formed are stable 
alkaline hydrolysis but are broken hot acids with 
liberation the phenol. 

The reaction nine different phenols 
studied means the weight increases 
The fastness soap, acid, and solvents has also been 
These results are shown Table 

Having established that many phenols 
linked wool manner fast alkaline washing 
solvent extraction, detailed study the weight 
increases obtained under varying conditions was 
phenol chosen, because readily soluble water 


HCHO concentration Weight increase 


(%) 
0.0067 1.99; 1.90 
0.013 2.18; 2.02 
0.033 2.98; 3.07 
0.133 3.15; 3.60 
0.333 4.80; 4.81 
0.667 


Temperature Weight change 


(°C) (%) 

—0.07 
+0.12; +0.26 
60 +1.86; +2.01 
+3.28; +3.34 
100 +6.00; +6.17 
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and gives convenient weight 
found that there significant change weight 
stirring wool water alone under all the 
mental conditions used except those with alkaline 
buffers. Wool stirred for min. 60°C 
buffer showed loss weight, and 
buffer loss; corrections were made 
for these losses. 


Variation Concentration 


The wool was treated 60°C for min. neu- 
trality, the concentrations both resorcinol and 
formaldehyde being kept equal (Table 

formaldehyde concentration, the resorcinol concen- 
tration being kept 

Table the effect varying only the res 
tion being throughout. 

seen that the treatment carried out 
60°C for min., there limiting weight increase 


Temperature 


The wool was treated solution with 
respect both resorcinol and formaldehyde for 
ing the temperature. 

There appeared small degree polymeri 
zation taking place the bath 100°C. 


Resorcinol concentration Weight increase 


(M) (%) 
0.0067 0.26; 0.41 
0.013 0.88; 1.01 
0.033 
0.133 3.58; 3.46 
0.333 4.70; 4.80 
0.667 5.05; 4.91 


Time Weight increase 
(min.) (%) 

0.74; 0.66 
0.87; 1.02 
60 2 75; 2 66 
240 4.38; 4.50 


* 
x 
Ls) 
4 
= 
: 
4 
we 
ay 
7, 


Weight change 

210 —0.02 
3.92 +0.84 ; +0.94 
6.10 +1.34 
7.99 
9.70 +0.99*. +0.64* 
11.8 —().60* ; —0.77* 


Corrected for the alkaline solution wool. 


Time 


The wool was treated solution with 
respect both resorcinol and formaldehyde 60°C 
and Table the effect vary- 
ing the time 


The wool was treated for 60°C 
shows the effect varying the the 
liquor. 


Polymer Formation 


The titration figures and over-all loss formalde- 
hyde phenol-formaldehyde baths are 
recorded Table liquors all correspond 


Fic. Untreated wool fibers. 
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TABLE Loss Free 
POLYMERIZATION 


Loss 

Titer HCHO 
Phenol 11.6 11.0 10.5 9.5 
Resorcinol 11.8 11.1 
11.4 10.9 10.9 4.4 
a-Naphthol 11.5 10.4 8.2 28.7 


the strongest which would used for wool treat- 
with respect both the phenol 
and formaldehyde. The treatment was for 
60°C and neutrality (no 


Microscopic 


The results the microscopic examination the 
fibers taken from fabrics treated are 
given Table 

Typical fibers taken from untreated 
fabrics are illustrated Figure and Figures 2—4, 
respectively. 


Discussion 


Wool fibers treated with formaldehyde 
phenol. 
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Modified 


Unmodified 


(%) (%) 
None 
Phenol +HCHO 
o-Cresol +HCHO 
p-Cresol +HCHO 86 14 
Resorcinol +HCHO 
+HCHO 
Phloroglucinol +HCHO 88 12 


readily with wool keratin. Many phenols were em- 
ploved, and all cases was found that reaction 
with formaldehyde and the phenol gives 
weight increase than treating with the phenol alone. 
With the exception a-naphthol, was found that 
the phenolic linkage broken hot acid, with re- 
moval the phenol, but stable hot alkaline 
solutions and solvents, even though the phenols are 
very soluble alkalies and solvents; these findings 
Conrat and Olcott. 
appeared some polymerization taking place 
the liquor. 


the case a-naphthol there 


pre by 


Furthermore, the treated fibers showed 
considerable masking (Table and Figure 4), 
and masses solids were evident the 


Fic. ool fibers treated with formaldeh vde 
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typical one type polymer deposition, 
shown Alexander the case wool treated 
with urea-formaldehyde resins methylsilicon tri 
chloride. The fibers subjected the 
ments did not have this appearance 
ures and 3), and the percentage unmoditied 
fibers was found the same for untreated 
wool (Table 
bath lost formaldehyde the extent nearly 
the original (Table 


able, therefore, that the high weight increase, stable 


formaldehyde a-naphthol 
seems highly prob 


acid hydrolysis, which obtained the case 
a-naphthol due deposition polymer the 
fibers. other cases has been shown that the 
conditions and concentrations emploved 
that phenol-formaldehyde condensation products and 
their polymers were not formed and the fibers 
tained their original appearance 


sorcinol reaction has been made, and would appear 


that the optimum conditions treatment are 


optimum between and but experiments 
conducted without buffers give good results This 


Fic. 4 fibers treated for maldehyde 


wee 
tay 
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the 
concentration the reactants increased, the reac- 


weight increase approximately 3.5%. 


tion reaches limiting value weight increase 
48% 5.1%. 
value—that 100°C, when polymerization was evi- 
dent the liquor. 


Only one treatment exceeded this 


These optimum conditions found for the formal- 
dehyde-phenol reaction are very similar 
found Alexander, Carter, and Johnson 
the formation lysine-tyrosine cross-links 
keratin with formaldehyde. They found that treat- 
ment with formaldehyde solution 60°C for 
min. neutrality gave the best results. 
supports the theory that the phenols 
through methylene bridge the groups 
lysine 


2,6-Dimethylol-p-cresol, which the reactive groups 


have been blocked previous reaction with form- 
aldehyde, does not react with wool keratin and form- 
aldehyde, which also supports this proposed linkage. 
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Summary 


has been shown that reactions phenols and 
formaldehyde with wool keratin give greater weight 
increases than the corresponding reactions with the 
phenols alone, and that this not due the deposi- 
tion polymers. 

This weight increase stable subsequent alka- 
line hyldrolysis extraction with organic solvents, 
but readily removed warm acid hydrolysis. 

The optimum conditions for the reaction are very 
similar those required for producing methylene 
cross-links lysine and tyrosine residues 
wool 

seems probable that the phenols are covalently 
linked methylene bridges the groups 
lysine. 
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Part II: The Formation Covalent Linked Mothproofing Agents 


Abstract 


brief review made the known methods wool, with particular reference 
the fastness obtained each method. The treatment wool with formaldehyde 
tain phenols, especially halogen-substituted phenols, studied and shown give 
sistance attack clothes moth larvae many cases. The fastness obtained this treat- 
ment also investigated, and mechanism suggested. 


Introduction 


The wool entails treatment 
impart resistance the attack the keratin-digest- 
ing larvae certain moths beetles. The most 
common these the common clothes moth, 
Tineola bisselliella, which used for all the moth- 
proofing tests the present study. Many methods 
testing the mothproofing wool 
evolved 10, 18, but the one chosen for this 
study that general use the Wool Industries 
Research Association, Leeds, 
scribed Hartley, Elsworth, [17]. 
This essentially based the methods Burgess 
and Stiteler [33]. 


Methods Mothproofing Wool 


Certain dyes have been reported impart some 
mothproofing wool, the main ones being 2,4- 
dinitro-a-naphthol (Martius Yellow) Meckbach 
and 3,5-dinitro-o-cresol Hartley, 
and Barritt 1928 the use colorless 
dyes began with the development the Eulans [35, 
They were condensation products aldehydes 
derivatives containing both chloro and hydroxy sub- 
stituents. These products gave only 
sistance larval attack, and their fastness warm 
alkaline washing was poor. They were followed 
CN, and Extra, which Clark 
ported the sodium salts sulfonated 
methane derivatives containing and hydroxy 
groups. These compounds impart good resistance 
and are fast all normal processing, but are rather 
expensive Another series colorless moth- 
proofing dyes are the sodium salts haloacylamino 
sulfonic acids the aromatic series 
important member this group Mittin FF, which 
easily applied from dye bath and fast all 
normal Martin, and Muller 


substituents are ether, 
group give water solubility. 

Many compounds containing fluorme have been 
used impart resistance larval Simple 
inorganic fluorides [3, 20, 24, 34] give good re- 
sistance owing their fluorine content, but are 
readily washed out organic fluorine 
Chemical Corp., which claims give 
may 


ness washing. 


used mothproofing agents, including pentachloro 
ethane but these compounds have 
for wool and are readily washed out alkaline solu 
tions they Their use limited sol 
vent application during 

Halogen-substituted quaternary phosphonium bases 
have been used with limited success. 

Resistance attack clothes moths after treat 
ment wool with epichlorhydrin was reported 
treated 50°C the vapor epichlorhydrin with 
out catalyst. process was examined 
react with wool both esterification the 
groups and reaction with the free amino groups. 

method mothproofing wool treatment 
solution formaldehyde 35°C for 
and The optimum and the 
acid must hydrochloric sodium sulfate 
sodium chloride may also wool 
finally washed well cold water remove 
cess formaldehyde and then dyed or, not 
required, the wool neutralized with 
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larval attack afforded the process, but not 
fast washing. The main disadvantages 
process are the very harsh handle the treated wool, 
and the long time required for the treatment. 
theory given for the manner which the wool 
stand normal soap washing, any modification the 
wool structure seems very 
ance very likely due loosely absorbed formalde 
hyde, perhaps reversibly held 
Geiger, Kobayashi, and Harris that 
possible render wool more resistant attack 
enzymes and chemical reagents conversion 
also showed that wool modified this way more 
resistant larval attack, fact which might 
pected from the Linderstrom-Lang and 
Duspiva The cystine linkages are 
thioglycollate and 50°C for The re- 
duced wool washed and then relinked 


methylene 
mately 0.0005 mol alkylating agent per 
wool necessary for two stages 
the reaction are follows: 
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are described very good alkylating agents 
for the second reaction, but ethylene dibromide 
unsatisfactory. wools with gradually 
diminishing cystine contents, obtained the forma- 
tion new linkages, was examined 
attack moth larvae and the black carpet 
gested that. reduction the content wool 
gives much protection more extensive 
treatments, and pointed out that the 
obtained not dry-cleaning washing 
tegral part its chemical structure. Their moth- 
proofing results have been contirmed Hartley, 
and Barritt who also found 
methylene and ethylene dichloride are ineffec- 
tive agents; judging from the thiol and 
sulfur contents the reduced and alkylated 
wool, indicated the Shinohara technique 
32|, the required reduction disulfide links 

Harris and Patterson deseribed the use 
monohalides well dihalides, the 
heing monothioether 


More recently, Harris and Brown 
one-stage method converting the disulfide linkages 
into linkages. They used aqueous 
solution sodium hydrosulfite containing ethylene 


hon 
di 

ts. 
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Harris and Brown stated that mothproofing tests 
have not been carried out wool treated 
manner, but there every expectation that 

This method mothprooting depends upon modi- 
the molecular structure the wool keratin 
larvae. All the other methods depend upon the 
substances held the 
Apart 


from two nitrophenols and formaldehyde, these toxic 


introduction toxic 
either simple absorption ionic charges. 


compounds all contain halogens, and some them 
appreciated that any method covalently linking 
wool keratin will give permanent resistance the 
attack larvae the same manner the modifica- 
tion the disulfide link. 

phenols can linked wool keratin 
means methylene bridge formalde- 
hyde the linking agent 


HCHO 


The optimum reaction conditions for this linking are 


60°C for min. neutrality, using 
link tormed stable hot alkalies and 


with 
organic solvents, but broken hot acidic solu- 
tions, with liberation the phenol. 

Since certain phenols, especially chlorophenols, are 
known toxic substances larvae, the linking 
Part has been developed with halo- 


Experimental 
The materials used, method application form- 
and phenols wool, the tests fastness, 
the estimation polymer formation, and the micro- 
examination the fibers are the same 
Part 


Testing the Mothproof 


tests were done the Wool 


Industries Research Association, Leeds, England, 


according the method deseribed Hartley, 
Barritt 


worth, and which based 
dish 
diameter 


the fabric brass tube in. 
long) which covered the upper 
end fine wire gauze. half-grown 
tube, which then maintamed 21°C for days. 
examination the fabric, the amount excrement, 
and the state the larvae. adequately moth 
proofed sample shows visual signs damage, 
there only trace excrement, and most the 
With 


proofed sample there are many holes eaten 


larvae will have died 


fabric, much excrement present, and some, but 
not necessarily all, the larvae are active. 


Alkali Solubility 


The sample, known dry weight, was treated for 
liquor to-wool ratio of LOO: 1. The 


washed 


wool was 


expressed the percentage loss weight. 


The alkali 


et 


The knitted fabric was abraded ring 
wear tester against standard woven wool fabric, 
specimen was impregnated with 
buffer solution and kept wet throughout the 
test. The results are means ten determinations, 
and are expressed percentages the number 


revolutions required wear untreated fabric. 


Results 


The Reaction ot I ool Keratin with 


Phenols and 


using simple phenols, chlorophenols, 
and bromophenols show that the weight increases 


tained are unstable acid boiling but fairly fast 


Tootal Broadhurst Lee. 


a 
a 
| 
4 
| 
a 
| 
: 
| 
~ 
é 
‘ 
x 
3 
| 
| 
| 
4 
ae 
| 
‘i 


TEXTILE RESEARCH JOURNAL 


FORMALDEHYDE AND THEIR FASTNESS 
Weight increase 

Weight change After After 

After After White 

soap acid Treatment Initial 
o-Chlorophenol + HCHO +-0.74 +0.51 —(.21 4-Chlororesorcinol +HCHO 3.62 3.12 3.00 
2,4-Dichlorophenol 0.06 5.61 5.41 4.87 
2,4-Dichlorophenol HCHO 0.0 p-Bromophenol +HCHO 1.33 1.26 1.06 


2,4,6-Trichlorophenol Resorcinol 3.0 3.0 3.0 
p-Chloro-m-cresol +0.21 

4-Chlororesorcinol 

4-Chlororesorcinol HCHO +3.76 +3.76 +1.98 
the remained between 5.8 and 6.8 through- 
HCHO +5.42 +1.67 +0.85 out the reaction. 

p-Bromophenol —0.47 The fastness vent emploved 
Resorcinol HCHO +3.0 +3.0 treatments. 

a-Naphthol +0.1 


None the solutions were buffered, and all 


Resistance Treated Wools Attack 
soap washing (Table The wool was treated 
aqueous solution, with The results tests fabric treated 
respect both formaldehyde and the chlorophenol, the methods previously shown 
60°C for min. and liquor-to-wool ratio increases are given Table The sam- 
50:1. ples were all rinsed alcohol before testing 


Weight 
increase Visual assessment Condition 
Treatment (%) Damage larvae Remarks 


Resorcinol Considerable Fairly large active Poor resistance 
pupated 

Resorcinol (B) small holes Moderate amount active Moderate resistance 
pupated 
dead 

a-Naphthol Very slight damage Small amount active Satisfactorily 
pupated 

o-Chlorophenol Considerable damage amount active Poor resistance 
pupated 

hole Small amount active Satisfactorily proofed 
pupated 
dead 

visible damage Small amount active Satisfactorily proofed 
pupated 
dead 

(G) +HCHO visible damage Small amount active Satisfactorily proofed 
pupated 
dead 

+HCHO holes Small amount active Moderate resistance 
pupated 

p-Bromophenol small holes Small amount active Fairly satisfactorily 
pupated proofed 
dead 

HCHO Considerable damage large amount active Very poor resistance 
pupated 

Untreated Very great damage Very large amount active Very poor resistance 
pupated 


x 
452 
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move any loosely held phenol. The corresponding 
weight increase the same treated sample also 
given. Samples treated with phenol alone, with- 
out formaldehyde, all showed mothproofing, and 
only one such result given, that resorcinol. 
The samples after completion the 


tests are illustrated Figure 

The effect subsequent treatment fabric 
tially treated with formaldehyde and 2,4,6-trichloro- 
phenol given Table the samples being illus- 


trated Figure 

The sulfuric acid dyeing with Azogeranine 
the acetic acid dyeing with Coomassie Fast 
Yellow and the neutral dyeing with Fast 
Violet A2B, 0.5% Coomassie Blue BL, and 
Milling Red 

The stability the mothproofing 
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dry-cleaning solvents shown Table the sam- 
ples being illustrated Figure control sample 
was included because the damage was somewhat 
greater than usual. The initial treatment was 2,4,6 


trichlorophenol formaldehyde. 


Estimation Polymer Formation 


The titration figures and over-all loss formalde 
hyde baths are 
recorded Table The liquors are all strong, 
being with respect both the phenol and 


neutrality (no 


was 


Microscopic Examination Fibers 


The fibers several treatments were examined 


for any signs masking—two 
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TABLE SUBSEQUENT TREATMENT MOTHPROOFING 


Visual assessment Condition 
Second treatment Damage larvae Remarks 


wash Slight damage Very small amount pupated Satisfactorily proofed 
dead 
washes pinhole Small amount active Satisfactorily proofed 
pupated 
dead 
washes small holes Small amount pupated Fairly satisfactorily 
washes holes Moderate amount pupated Moderate resistance 
washes holes amount active Moderate resistance 
pupated 
washes Numerous amount active Poor resistance 
pupated 
Dyeing (7) large holes Large amount active Poor resistance 
pupated 
dead 
pupated 
dead 
Neutral dyeing holes Moderate amount active Fairly satisfactorily prooted 
pupated 
dead 


= 
Ag 
4 


Visual assessment Condition 


Damage 


small hole 


Solvent 
None 


larvae Remarks 


Small amount prooted 


White Spirit holes 


Control sample Numerous large holes 


POLYMERIZATION 


Loss 


Loss of 


HCHO 


Phenol Initial min. min 


Resorcinol 11 
a-Naphthol 
p-Bromophenol 11. 


Modified 

None 89 11 

Resorcinol 

a-Naphthol 

HCHO 

p-Bromophenol +HCHO 


Treatment 


The 


typical results the deposition polymers. 


results of these microscopic counts are 


Table 


Moderate amount 


Fairly small amount 


Large amount 


pupated 
dead 
active Moderate resist 
pupated 
dead 
Active Moderate resistance 
pupated 

dead 


Poor resistance 


pupated 


solubility 
(%} 


\brasion 
resistance 
(%) 
None 10.0 100 
HCHO 
Resorcinol +HCHO d 207 
2. 4-Die hlorophenol +HCHO 190 
2,4,6-Tric hlorophenol +HCHO 185 
HCHO 224 
1-Chlororesorcinol + HCHO 200 


Properties Treated heabrics 
The solubilities and wet abrasion-resistances 


several treated fabrics are given Table 


Discussion 


rise 


weight increases which are 
stable subsequent hot alkaline hydrolysis 
broken hot acids, with 
liberation the phenol has 
that this 


phenols, 


vent extraction but are 


been shown 


reaction also holds for several halogeno 


cases reaction the wool 


Bik: 
» 
es, 
(%) 
10.85 10.45 11.4 
11.5 11.5 nil 
11.85 11.85 nil 
Aga 
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with formaldehyde and phenol gives greater 
weight increase than the corresponding reaction with 
the phenol alone. The stability these weight in- 
creases the same that simple phenols, and 
corresponds that expected for covalent 
ene bridge between the phenol and 
groups the lysine residues the wool keratin 

When wool treated with 
halogenophenols under mild conditions, shown 
that good resistance the common clothes moth, 
only slightly impaired successive alkaline washes, 
subsequent neutral treatments, sol- 
vents used for dry-cleaning, but 
moved hot acids any subsequent hot acidic 
treatment such acid dyeing. Similar treatments 
using phenols alone formaldehyde alone give 
resistance attack the larvae. The weight in- 
crease 0.5% obtained treatment with formalde- 
hyde alone consistent with the cross-linking found 
Alexander, Carter, and Johnson [1], and 
way responsible for any part the 
obtained and Traill the 
stability the mothproofing the same that 
the weight increases due linking the phenols, 
can assumed that the resistance obtained due 
the covalent linking the toxic substances (phe- 
nols and was suggested the 
Introduction. The linkage expected broken 
hot acidic treatments, and this confirmed 
the mothproofing tests. 

Analysis the formaldehyde content 
quors used for treatments shows that there 
condensation and polymerization, except the case 
a-naphthol, and this has already been shown 
Microscopic examination the fibers treated 
fabrics also Confirms this view. 

The properties the treated wools all show 
reduction alkali solubility, although this not 
low that obtained with formaldehyde alone, and 
increase wet abrasion-resistance, but less than 
that obtained with formaldehyde This would 
seem indicate that some the lysine groups which 
react with formaldehyde alone give lysine-methyl- 
ene-tyrosine cross-links react with the phenol 
give lysine-methylene-phenol links. The remainder 
give the internal cross-link and cause the reduced 
alkali solubility and increased wet abrasion-resistance. 
This additional reaction when formaldehyde used 
reactions involving wool keratin 
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heen shown Earland and Johnson antishrink 


reaction using formaldehyde and sodium chlorite 


Consideration all the findings makes highly 
probable that the reactions found Fraenkel-Conrat 
and for other proteins and Johnson 
for wool also apply the reactions with halo- 
genophenols and formaldehyde 
linked mothproofing agents are 


Summary 


has been shown that reactions phenols 
halogenophenols and formaldehyde with wool keratin 
give greater weight increases than the corresponding 
reactions with the phenols alone, and that this not 
due the deposition 

This weight increase stable subsequent alka- 
line hydrolysis extraction with organic solvents, 
but readily removed warm acid hydrolysis. 

Synonymous with this weight increase 
ance the attack clothes moth larvae, 
identical with that the weight increase. 


seems probable that covalent links are formed 
the toxic compounds (phenols 
and the groups the lysine 
residues the wool keratin. 
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Part The Coupling Linked Phenols Give 
Covalent Linked Dyes 


Abstract 


shown that phenols which are covalently linked into wool keratin may coupled with 


diazonium compounds give covalently linked dyes. 


addition the many simple phenols 


which have been shown Parts and 11] link covalently, the amides hydroxy- 
naphthoic acid are linked this manner and are shown give good colorations which are fast 


subsequent alkaline washing. 


Introduction 


chemically linked colors wool keratin order 
obtain dyed fibers which are permanent all subse- 
quent treatments. 

early 1913, Scharvin noticed that wool 
can dyed hot aqueous solution p-benzo- 
quinone. The color produced was deep brown and 
fast alkaline and acid washing well 
alcohol. showed that other quinones could also 
used, and considered the reaction proof 
the presence active amino groups the fiber, 
substituted aminoquinone being formed. Barr and 


Speakman this reaction being 


cross-linkage formation between two amino groups 


24. 

60. 
13 
30. 
/ 
ag 
at 

| 
: 
i 
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Stoves has also shown that this reaction 
probable, but that most the benzoquinone pres- 
ent the wool polymer within the fiber and 
not cross-link. 

Kort and Lloyd 1914 dyed wool with 
dige, extracted with glacial acetic acid, and obtained 


They 


results, with average 38.1% wool substance. 


Similar results were obtained with 
pyridine, and they suggested chemical com- 
indigo with keratin, followed 
drolysis within the keratin molecule. 

1932 Groll treated wool with 
dilute sodium hydroxide, phenol, and sodium hy- 
found that a-naphthol gave colora- 
tion that was red, and 
orange, phenol green, and 
basis this coloration the reaction 
treating arginine with a-naphthol, 

the production chemically linked colors wool 
wool for 5-10 min. with nitrous acid 
and metallic salt, and obtained coloration due 
with the e-quinone-monoxime 


tained with tyrosine itself and also with silk fibroin, 
but coloration obtained with gelatin. 
coloration may further developed 
with mordant dyes dimethylglyoxime 
cobalt derivative. the latter, the same brown 


treatment wth dimethylglvoxime treatment 
direct 
dinitro-cobaltiate and acetic acid. 
metal taken sufficient all cases account 
The 


washfastness all these colors excellent, and the 


lightfastness ranges from good very 


CO 4 
-OH 
CH, 

C—CH 
N—O 


The use azo compounds for producing colors 
wool been demonstrated Small 
and Glynn 


that after prolonged treatment with nitrous acid the 


Small and Philpot showed 


tyrosine converted the o-diazophenol, which 
will then couple with 
pounds for the determination wool 
showing that chemical coupling resulting 
The 


coupling takes place the the 


hydroxyl group. 

The amino and tyrosine groups wool keratin 
have been dinitrophenylated Sanger 
Blackburn 
has shown that proteins thus treated can 


ish-brown coloration which 


dinitrobenzene links, the hydrolysis re- 
taining the coloration. 

some cases there undoubtedly 
when the metallized azo dyes are applied 


although the exact reaction 
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The Asoic Colors 


Dyeing with colors consists impregnat- 
ing the material with phenol subsequently 
treating with diazonium compounds 
sitates treatment fairly strong 
the use azoic colors has limited en- 
tirely cotton. dyeing cotton this method, 
formaldehyde often added the initial impreg- 
nating liquor because claimed condense two 
phenol molecules together, thus giving less soluble 
product. 

Protection against damage wool was mentioned 
Lint Leitch and Company 
the use suspensions naphthols selution 
described method dyeing wool with azoic 
colors, incorporating the use 
solutions sodium chloride prevent swelling and 
damage the fibers. also 
with the initial naphthol treatment, but gave ex- 
planation for its use; presumably analogy 
with the method for claimed 
the colors obtained wool were faster than those 
cotton. 

modification the lysine-tyrosine linking 
present author has previously shown 
phenols may covalently linked keratin 
the linked wool alkaline solution with diazotized 
amines forms the basis the present study, which 
the same Turner’s although Turner did 
not consider the mechanism, but only the result. 


Experimental 


The fabric was the same that used Part 
phenols and amines used were Analar 
quality and the sodium nitrite was Analar 
quality. 


Preparation Amides 


The \-arylamides acid 
chloride drop drop stirred suspension 


mols acid and mols amine 
xylene addition the mixture 


459 


was heated with stirring, cooled, and 
chlorobenzene 


SOH 


COOH 


Treatments 


The wool was stirred aqueous aqueous 
alcoholic solution with respect the phenol 
and formaldehyde (if used) 60°C for the 
liquor-to-wool ratio being was then rinsed 
aleohol, and thoroughly washed running water 
for day loosely bound phenol. 
Weight increases were determined drying con- 


stant weight 110°C both before and after treating. 


Coupling Reactions 


The treated wool was immersed 
amine ml. per gram wool was 
then added with stirring, and the whole was stirred 
coupling, the wool was washed 
running water for few minutes, washed 
soap solution 40°C for min. remove excess 
amine, diazo compound, loose color, and 

were diazotized dissolving 
amount hot concentrated diluting 
about cooling 10°C, and treating with 
acid were dissolved the 
nitrite solution was added, the whole cooled 
excess HCI previously cooled added, 
and the whole allowed rise the 
other amines were diazotized with strong 
solution the temperatures given 


Pemperature 
\niline; chloranilines 
dianisidines 


Be. 
| 
2). 
ates 
hy 
2 
Vv 
| 
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DERIVATIVES 


Weight 

increase 
‘Treatment (%) 
acid 0.95 
2-Hydroxy-3-naphthoic acid +HCHO 8.37 
anilide 1.11 
6.07 
1.01 
2.64 
2.90 
1.84 
6.21 


Test 

The treated and coupled wool was stirred gently 
liquor-to-wool ratio 50:1 
Solubility 

The solubility was determined according 
the method Harris and Smith [9]. 


The wet abrasion-resistance was determined 


Part 
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Results 


The reaction wool keratin with phenols and 
formaldehyde has been studied and the weight 
increases obtained with many simple phenols are 
known. addition several these, 2-hydroxy- 
3-naphthoic acid and its arylamides were found 
give good colorations coupling with treated wool. 
The weight increases obtained with 
pounds are given Table 

Wool samples treated with several the simple 
arylamides, both with and without formaldehyde, 
were coupled with range amines. wide range 
both phenols and amines were chosen that few 
are repeated. Comparison made throughout with 
treatments employing formaldehyde 
without formaldehyde. Table gives the colora- 
tions produced and shows all cases 
treatment with formaldehyde and the phenol gives 
deeper color than that obtained with the phenol 
alone. 


Properties the Treated Wools 


The alkali solubility and wet abrasion-resistance 
several the treated and coupled wools were de- 
termined, and the results are given Table 


Coloration 


Before After 
Initial treatment Coupling amine washing washing 

o-Cresol benzidine nil nil 

o-Cresol benzidine nil nil 
m-Cresol pale pink nil 
m-Cresol HCHO brown brown 
p-Cresol aniline nil nil 

p-Cresol HCHO aniline nil nil 
Resorcinol aniline pale orange vellow 
Resorcinol aniline deep brown deep brown 


Phloroglucinol 


o-dianisidine 


pale brown pale brown 


Phloroglucinol HCHO o-dianisidine brown brown 
a-Naphthol m-chloraniline pink pink 
a-Naphthol m-chloraniline deep red deep red 
a-naphthylamine pink pale pink 
a-naphthylamine brick red brick red 
2-Hydroxy-3-naphthoic acid m-chloraniline red pink 
2-Hydroxy-3-naphthoic acid +HCHO m-chloraniline deep red deep red 
H.N.A. anilide p-nitraniline orange pale orange 
p-nitraniline red red 
m-toluidine orange orange 
m-toluidine deep red deep red 
o-chloraniline orange pale orange 
+HCHO o-chloraniline brilliant red brilliant red 
naphthionic acid pale vellow nil 
+HCHO acid puce puce 
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TABLE 


Initial treatment 


None 

HCHO 

Resorcinol + HCHO 

Phloroglucinol +HCHO 

H.N.A. +HCHO 


Discussion 


The results found for many simple phenols 
and halogenophenols are found for 
naphthoic acid and its arylamides. These are also 
linked wool keratin formaldehyde, the weight 
increases being greater when formaldehyde added 
the liquor used for treatment. 

shown that the suggested use linked 
phenols producing covalent-linked dyes 


ble. 


ing wool which has been reacted with formaldehyde 


The formation washfast coloration treat- 


and phenol with diazotized amine demon- 
phenols were used for the initial 
treatments and several amines for the final coupling 
reactions, and was found that the best colors are 
obtained the 


arylamides 


acid are colorations produced 
have good fastness soap washing, initial 
reaction with formaldehyde and the phenol supe- 
The colora- 
tions produced are good agreement with those 
expected from the postulated link, and method 


introducing covalent-linked dyes into wool keratin 


rior reaction with the phenol alone. 


vestigate the stability the coloration hot acid 
solutions, since any liberation azo compound 
into the liquor would set ordinary acid dye bath 
conditions and the color would thus return 
The method does, however, give means 


obtaining colors that are fast hot 


tions, which are the most disastrous wools dyed 


the normal way with azo compounds. 

interesting note that these results confirm 
those Turner [22], who found that very fast 
colors were obtained using the azoic method with 
formaldehyde the initial bath. 

Consideration the results obtained point the 
probability that the method introducing phenols 
proteins Fraenkel-Conrat and 


Coupling amine 


None 

None 

aniline 
o-dianisidine 
m-chloraniline 
o-chloraniline 
naphthionic acid 


PROPERTIES TREATED 


Alkali solubility \brasion-resistance 
(%) (%) 
10.0 100 
3.06 326 
4.64 205 
4.84 208 
5.92 200 
6.06 196 
6.62 188 


Oleott and previously shown the 
present author can applied the formation 
This link would methylene bridge between the 
group the lysine residues wool keratin 
and the phenol nucleus. actual formula 
postulated, however, because would extremely 
difficult determine the exact position both the 


linking bridge and the coupling azo group. 


Summary 


Colorations that are fast alkaline washing can 
that has previously been treated with formaldehyde 

With all the phenols and amines examined, better 
results are produced the initial treatment car 
ried out the presence formaldehyde, the best 
results being obtained with 2-hydroxy-3-naphthoic 
acid and its arylamides. 

that 


formed with the wool keratin molecule. 


suggested covalent-linked 
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The Reaction Polyacrylic Acid with Nylon 


Textile Applications Laboratory, Rohm Haas Company, Philadelphia, Pennsylvania 


ILYACRYLIC ACID relatively new chemi- 
cal commerce. Only few years ago was 
more than laboratory curiosity, but now 
used widely warp size and single-end size 
for hydrophobic fibers Originally designed for 
The present discussion, not 
proven utility size, but its possible use 
finish, based what appears chemical com- 


bination between acid and 


The Effect 


When nylon fabric padded through dilute 
solution acid and dried, 
quite stiff, due the bonding the fibers and yarns 
into rigid polymeric sizing agent 
would tend give such stiffening, but 
acid unusually presumably because its 
great specific adhesion nylon Even more 
important the present discussion the fact that, 
whereas dried onto nylon under normal drying 


conditions can readily scoured off, 


Hook, Pa. 


Corp., 


PAA heat-set onto nylon (e.g., 
unique for example, not shown any great ex- 


tremely difficult remove. rather 


tent polymethaerylic acid. data 
effect applied nylon taffeta under 
various curing conditions are presented Table 
and plotted Figure The wash was normal 
Laundromat cycle min. tumbling soap 


The acid used these experiments was 
Acrysol (Rohm Haas). 


STIFFNESS RETAINED (%) 


100 


Effect curing conditions stiffness reten- 
tion nylon fabric padded with polyacrylic acid. 


= igh 

o 

° 

° ofo 

CURING TIME (MINUTES) 
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solution and soda ash 140°F, followed 
min. rinsing 

will observed that the stiffness 
creases with the severity the cure, good retention 
being obtained only under extreme conditions time 
temperature. The curing time necessary attain 
stiffness retention each curing temperature 
can estimated roughly from the curves Figure 
Table 


These conditions, while apparently quite severe, 


The values are listed 


are not much severe than those normal 


nylon heat-setting. Moreover, 100% stiffness reten- 
tion the case 140°F tumble wash very 
utility such treatment durable nylon finish 
the 
course this work, insight into the possible mecha- 


the 


appeared worthy further investigation. 


Stiffness 
temp. Gurley (mg./in.) 
(°F) Unwashed Washed 
240 


Stiffness 
retained* 


Curing 
Curing time 
(min.) 


300 
300 
300 
300 


350 
350 
350 
350 19 


srs 


0.08 
0.25 
0.5 


0.08 
0.25 
0.5 


Untreated 
fabric 
0.08 


The residual stiffness was due the fabric the size 
had been completely removed. 
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hoped that these findings may have technological 
scientific 


Theoretical Aspects 
Reduction Content 


The insolubilization polyacrylic acid 
C.d., 
the 
either case, there would 
The 


data presented Table show that such the 


volve either cross-linking the itself 
PAA with the 


reduction the free carboxyl content. 


case, although apparent that only small pro- 
portion the total acidity thus involved. 

The 
subsequent analysis was conducted follows: 
tions each fabric were placed flasks 
over the expected control, the 
same amount caustic was put into similar flask 
flask 
were boiled for min., and allowed stand ad- 


ditional min. 


alongside the others. The contents each 
small amount sodium chloride 
pressing the ionization and 
the solutions were then titrated with 
acid, using phenolphthalein indicator. free 


carboxyl content the fabric (expressed 


LAUNDROMAT 


Temperature 


(min.) 


TABLE 
CONTENT 


ON CURING 


(as 

(°F) 

240 

300 

400 3.55 


CH, 


Curing time 
(min.) 


| 
73 
ah 
0.5 
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acid) may from the difference between 
the amount acid required for the control and that 
required for given fabric 


where H,SO, required for the sample, 
required for the control, normality 
the acid, and weight the fabric. 

obvious that this free acidity represents car- 
boxyl groups which had not reacted which had 
reacted but which had been hydrolyzed during the 
analysis. the dif- 
ference between cured and uncured acidity 


Thus, the loss carboxyls 
indication the number carboxyls which com- 
bined (either with the nylon with each 
firmly enough resist the 


the data 
would appear that only small proportion the 
ferences free acidity were obtained the 
fabrics were immersed excess NaOH 
for hrs, room temperature. 


carboxyls were 


should pointed 
out that, either case, not only were the cured 
fabrics still quite stiff after the analysis, 
were able absorb copper ions from 
copper sulfate, indicating that the 
been neutralized, not removed, the alkali. More 
will said about alkali resistance the finish 
later section. 


the mechanism involved only insolubilization 
the polyacrylic acid, might expect that the finish 
would durable other fibers. However, ap- 
preciable durability could demonstrated fabrics 
made acetate, Orlon, Dacron. Apparently the 


the nylon some way involved the 


adhesion the finish, either physical chemical 


Applications silk and wool have tended 
substantiate this viewpoint. silk, interest- 
ing crispness may obtained, the washfastness 
which limited only the amount curing the 
silk can stand. 

wool, the treatment imparts felt-resistance, ac- 
companied, course, very undesirable stiffness. 
tumble washing, the fabric will gradually soften, 
while will maintained 
trial, untreated wool shrank area after hrs. 
tumble-washing nonionic detergent, and 
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NYLON -RCNR- NYLON + 


NYLON NYLON NYLON RCOH 


NYLON 


total 58% after additional hrs. soap. 


Wool treated with PAA (cured min. 
shrank and when similarly washed. 
Despite the severe cure, the wool showed 
damage. 


the Reaction Mixture 


Additional evidence that the insolubilization the 
finish nylon not due merely 
mation can obtained extracting the treated 
with boiling benzyl alcohol, 
This will dissolve the interior the 
leaving gossamer-like residue which appears 
where PAA (on the weight the nylon) had 
been applied, the residue amounted 
contained both nitrogen and unreacted carboxyls. 

While the mechanism the reaction has not been 
determined, two possibilities are 
tion and 


ure 


that the combination takes place end- 


The latter the 
possibility 
groups—would give result similar (2) 


Coreactions 


Although the durability the finish seems 
due chemical reaction, between the and the 
surface molecules the nylon, most the carboxyls 
are not utilized, shown the analytical data 
above. 

attempt neutralize some the excess 
acidity prior application the nylon, using 
monium sodium hydroxide organic amine, 
the durability the finish beyond 
about neutralization, difficult obtain any 
fixation whatsoever. 

It has been found possible, however, to Incorpo- 
rate materials which will coreact with the polyacrylic 


PAA 
| 
d 
: 
wig 
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Reacrion PAA ALCOHOLS AND AMIDES 
Condition films after hrs. water 
Additive Dried (infrared) Dried and cured (10 min. 
None Dissolved Very swollen and 
Methanol Dissolved Very swollen and sticky 
Benzyl aleohol Dissolved Less swollen than 
Ethylene glycol Swollen Slightly swollen, slightly tacky 


Swollen 
Swollen 
Swollen 


Glycerol 
F. Sorbitol 


Dissolved 
Dissolved 


Formamide 
Methacrylamide 

Urea 
Gelatin 


disse ly ed 
Swollen 


acid during the cure. classes chemicals 
which may utilized this way are amides and 
alcohols. varied efficiency several members 
these classes polyacrylic acid may 
best shown drying down films 


The 
films were prepared pouring (solids 


taining the additive, the absence nylon. 


onto glass plates and dry- 
duplicate set was sub- 
All 
films were then submerged water and observed 


ing lamps. 
pearance the films. 

The partial insolubilization heat alone, 
without additive, undoubtedly due anhydride 
other polyhydric materials appear 
ance glycol, although capable 


cross-linking, less efficient. The 


Stiffness 

Ratio Gurley 
PAA Cure Un- retained 

(min.) (°F) washed Washed (%) 
10:0 10 350 19 16 &4 
10:1 
10:3 105 
10:10 
10:30 
10:0 0.33 400 19 12 63 
10:1 7 15 && 
10:3 113 
10:10 1 23 209 
10:30 20 56 280 


White, opaque 


Rather brittle particles 
Like but vellowed 


Rather soft particles 


White, tough, rubbery 
Extremely swollen, 
slightly swollen 

Sott, rubbery 

Rubbery, vellow 


CTOSS link, is probably due to the hydrophobicity ot 
the 
the 


All tend when cured, 


more obscure. 
but the degree swelling quite variable: form 
than 
while dicyandiamide much less 


amide effective would expected, 


The fact that all the amides show apparent reaction 
with further substantiates the belief that nylon, 
polyamide, undergoes similar reaction 

When the above materials were cured onto 
10:3 


crispness 


the 


and durability the finish, while glycerol 


conjunction 


tin enhanced the many and 
which have been subsequently, none has been 
crispness, durability, and freedom 
tion; the following sections relate the utility 


glycerol this 


Glycerol Coreactant 


were treated 
either 


fabrics were 


drying and curing 


evaluated for durable stiffness the earlier study. 


fr 20 Sec... 


Data are given Table 


Because several apparently anomalous values, 


only few conclusions can drawn 10:3 


Wh. 
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re 
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stiffness retention concerned. further evi- 
dent that the glycerol has peculiar effect 
ness when added large amounts; this will dis- 
cussed later section. 

show more completely the effect glycerol 
adjunct acid, the data Table 
were Here rate-of-cure study was made, 
employing one case (applied solids) 
and the other PAA plus glycerol. 

obvious that the glycerol imparts greater 
durability given cure; there slightly 
greater crispness, which not apparent the 
Gurley values. 

The effect the glycerol may also shown 
means weight-retention studies. comparison 
acid, polyacrylic/glycerol 10:3, and 
polymethacrylic acid, approximately equal amounts 
each material were applied 
swatches, which were then cured, reweighed, scoured 
min. 180°F 0.1% 
ash, dried, and reweighed. 


soap and 
While correction has 
made for pickup sodium ions from the wash 
liquor, very apparent from the data presented 
Table that the glycerol increased the durability 
the finish. The comparative lack reactivity 
polymethacrylic acid also clearly indicated. 


Glycerol 


Returning for moment the data Table 
where high glycerol content 10:30) 
severe cure caused tremendous increase stiffness 
washing, subsequent experiments have shown 
this due the action the glycerol 
nylon under severe curing conditions. 
ample, increasing amounts glycerol are baked 
into series nylon fabrics, and the latter are 
jected stiffness tests before and after washing, 


obtained. 


Treatment 


PAA 


Cure 


min., 240°F 
min., 350°F 
PAA/glycerol min., 240°F 
min., 350°F 
PMA min., 240°F 
min., 350°F 
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Stiffness 
(min. Gurley retained 
Washed (%) 


10:0 


Ratio 
PAA 


Cure 


Unwashed 


67 
109 
114 


The concentration glycerol must high and 
the curing conditions quite severe before any ap- 
preciable effect observed. Then, beyond certain 
limit, there pronounced increase 
which even further enhanced washing. The 
action possibly one fusion the nylon, similar 
effect (but not practicality the zine chloride 
treatment reported Mecklenburgh in- 
creased stiffening washing probably due part 
the removal glycerol, which would otherwise 
plasticize the stiffened fibers; this may not the 
only factor, however, since the stiffness 
values for PAA alone (cf. Table also tend ex- 
ceed 100% under severe curing conditions. Because 
the fabric tends overly embrittled, however, the 
use glycerol alone has not been studied further. 

might conjectured, the light the above, 
that the action glycerol, when used 
conjunction with acid, due not only 
the partial reaction the glycerol with the acid but 
also the ability the glycerol act 
medium” facilitate the reaction the acid with 
the nylon. 


Washed wt. size Retention 
(g.) (%) 
0.000 
0.074 


Cured wt. size 
(g.) 


0.244 
0.226 


0.033 
0.208 


0.205 
0.220 


0.003 
0.019 


| 
{, 
15 18 12 ra 
30 22 25 
| 
0.263 | 13 
7 
76 
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BAKED INTO NYLON FABRIC 


Concen- 
tration Cure Un- 
(%) (min.) (°F) washed Washed 
350 
0.33 400 
0.16 425 


Gurley stiffness 


10 350 
0.33 400 
0.16 425 


350 
0.33 400 
0.16 425 


Acidity the Treated Fabric 


Earlier was shown (Table that there 
slight reduction carboxyl content the PAA 
reaction with studies PAA 
glycerol-treated nylon have shown only slight addi- 
tional reduction free acid content due the action 
which analyzed 4.20% PAA drying showed 
3.95% PAA after curing for min. 300°F. 

greater practical value comparison the 
the treated fabric. 


brief study was made 


glycerol treatment under the following conditions 


PAA treatment and 


in. section each fabric, which had been 
cured min. 300°F, was cut into small bits and 
were made initially and after min. and min.; 
ml. sodium hydroxide was then added, 
and was observed intervals 140 hrs. 
Table lists the results. 

may noted that the finish has slightly 
but consistently higher pH. The gradual drop 
the addition alkali could indicate 
hydrolysis ester amide groups, or, more likely, 
penetration the alkali into the difficultly swollen 
finish. This matter has not been studied further. 


Practical Aspects 
Durability the Finish 


The finish, thoroughly cured, cannot 
ordinary oxidizing reducing treatments, 
solvent extraction. This unusual resistance makes 
for exceptional durability the other hand, can 


Fabric 
Ratio plus ml. NaOH 


10:0 4.1 4.1 4.0 6.8 6.7 6.6 6.3 
10:3 4.6 4.5 4.4 10.1 9.1 O.8 


PAA 
PROPERTIES 


abrasion 


14,000 
20,000 
60,000 
26,000 
47,000 


strength 
50 
1.0 
2.5 
5.0 53 
1.0 49 
2.5 
5.0 ul 53 


Treatment 
(‘ ) 


Glycerol 


tear strength 


PAA 


S 


become disadvantage when desired strip off 
the finish for reprocessing. 

further 
shown the fact that 


The resistance the finish 


droxide room temperature for days. 


Concentration Required 


The amount acid required varies not 
only with the stiffness desired, but also with the type 
fabric. little solids gives noticeable 
effect taffeta; 0.5% solids are required mar 
quisette, and more may needed obtain 
solids 


this study, 


threshold effects spun 

naturally impart stiffness. 
made nylon taffeta, much solids was ap- 
plied order emphasize the effect 
Subse 
quent tests lower concentrations have shown that 


testing; this imparted papery crispness. 


showing greater washdown than filament fabrics. 


Physical Properties 

Table lists tensile, trapezoid tear, and 
abrasion data nylon fabric treated with several 
PAA formulations. 


Tootal Broadhurst Lee. 
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The over-all effect about what would ex- 
pected from the application surface polymer 
textile fabric [1, tensile not 
tear strength resistance flat abra- 
sion considerably 


Other Properties 


light, the strength neither 
greater nor less than would observed with un- 
treated exposed. 


tensile 
the treated fabric likewise unchanged, 
washfastness somewhat reduced, depending the 
duration the exposure. 

the bonding the varns, de- 
gree antislip imparted. 

The nylon has antistatic proper- 
ties, either the free-acid form the ammo- 
nium, sodium, amine salt. 

Change the shade dyed PAA 
treatment varies with the dye, but ordinarily not 


The treated fabric possesses cation-exchange prop- 


erties, and will absorb basic metal ions, and 
similar materials. 


Commercial 


The chief advantage the treatment 
nylon finish its durable chief dis- 
the treating solution quite acid and 


advantages, 
stand both the acidity and the cure, the 
one equipment and operating economy rather than 
fabric damage. 

More the point evaluating potential finish 
comparison with other methods attaining the 
same similar result; certain urea and melamine 
resins can utilized provide satisfactory durable 


crispness with less acidity and more normal cure. 


RESEARCH 


Nevertheless, the being used com- 
mercially stiffener for nylon lace, and it. merits 
consideration other applications. 
can, for example, applied warp size, 
set after weaving obtain fabric having 
teresting unidirectional stiffness. 
varying the coreactant should overlooked, 
either for loom finishing for final finishing. 


Summary 

has been shown that polyacrylic acid 
heat-set onto nylon impart very durable crisp 
finish, the durability being proportional the 
severity cure. Actual chemical 
tween the acid and the nylon appears 
although the reaction mechanism has not been 
Addition (or certain other 
materials) will the durability 
ability glycerol alone stiffen nylon, 
conditions, has been demonstrated. 
The properties the polyacrylic acid-treated fabric 
have been outlined, and the commercial 
cussed. 

Neither the theoretical nor practical aspects have 
fully explored this brief study, which pre- 
sented the hope encouraging further considera- 
tion the subject. 
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Properties Apparel Wools 


The Mechanical Behavior Top and Roving 
Made the French Worsted System 


Harris 


Textile Research Institute, Princeton, New Jersey 


Abstract 


given the measurement the tensile force-extension curves tiber 
semblies with net top and roving produced the French worsted system. 
force-extension curves are presented, and the effects testing conditions various parameters 
these curves have been determined. These force-extension curves are measure the forces 
required cause the fibers slip over one they depend such factors fiber length, 
fiber diameter, fiber modulus elasticity, interfiber coefficient friction, and crimp, and 
density fiber packing the assembly, fiber parallelism, and weight per unit length the 
relationships between the above factors and parameters the 
curve are discussed the light the use these measurements investigate processes 


which affect any these factors characterize different fiber types 


The variability parameters the curve discussed 


} 


may ascribed differences the performance 


assemblies. 


Introduction 


Low-twist fiber assemblies such card sliver, top, 
and roving are produced during the processing 
staple fibers into strand such as- 
sembly tested tensile testing machine, using 
gage length appreciably greater than the fiber staple 
length, fiber slippage rather than fiber 
curs the strand pulled apart. The mechanical 
properties determined this test are measure 
the forces required cause the fibers slip over one 
another they depend such factors fiber length, 
fiber diameter, fiber modulus elasticity, interfiber 
coefficient friction, and fiber crimp, and density 
fiber packing the assembly, fiber parallelism, 
Meas- 
urement the mechanical properties 


and weight per unit length the assembly. 


semblies useful method both investigating 


*Parts and appeared the February and July, 1952, 
TEXTILE RESEARCH JOURNAL, respectively 

This work was conducted part the Wool Research 
Project sponsored the American Wool Council, the 
ternational Wool Secretariat, the National 
Association, the United States Department Agriculture, 
the Office Naval Research the Navy Department, and 
number American wool manufacturers. 

Part the material reported this paper was presented 
meeting The Fiber Society, Swampscott, Mass., Sept 
1951. 


Part the variability 
the machine units 


processes which affect any the above factors and 
characterizing different fiber types. 

The literature contains several applications this 
measuring the mechanical properties their rovings, 
and discussed many the factors which influence 
the mechanical properties. Moore 
two cottons, measuring the mechanical properties 
hand-carded slivers and various assemblies through 


measured the mechanical properties tops aid 


processing. 
their study the oiling wool; similar studies 
were made the Wool Industries Research Associ- 
ation 


fiber types measuring the strength carded webs 


and Hoffmann compared 


The effect Syton the strength worsted slub 
and 


Lipowsky investigated changes fiber 


and fiber parallelism measuring the mechanical 


properties slivers. Most these workers con 
sidered only the maximum load which the assembly 
would support; some work done Germany 
While 
the present paper was preparation, Anderson, 
and 


further work the curves slivers 


made use the entire force-extension 


Cox, and Hardy 
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FORCE (G) 


EXTENSION 
force-extension curve for worsted top 
with net twist. Gage length in.; rate exten- 


ston in./min.; 65% 70°F. 


The present paper describes the measurement and 
interpretation the tensile force-extension curves 
for top and roving produced the French worsted 
system.* These assemblies have net twist, and 


the effects twist, such that Bradford sys- 


Fic. Typical force-extension curve for worsted 
roving with net twist. Gage length in.; rate 
extension in./min.; 65% R.H., 70°F. 
the edge the bobbin, where the winding 
reversed, the fibers the roving strand are usually 
somewhat disarranged, shown Figure This 


tem roving, are not considered. The concepts de- 
disarrangement will affect the mechanical properties 
series will describe the application these measure- 
During processing into roving the fibers may 
deformed. For example, when the roving strand 
study the aging top and roving. 
wound onto the bobbin the fibers are laterally de- 
formed, and the density fiber packing the roving 
arves from the bobbin the fibers can undergo recovery from 
sion tensile testing machine sam- 
the the removing the strand from the roving bobbin and test- 
onge single fiber length. sting was ing it. (The subject recovery fibers which have 
conditioned room atmospheric humidity deformed during processing will treated more 
standard mounting procedure which eliminated op- 


erator 

The two experimental precautions 
low with specific reference roving should ap- 
plicable any low-twist fiber assembly 
wound into ball bobbin. 

(a) Figure diagram showing the course 


The Wool Research Project was concerned with evalu 


the samples were mounted the testing machine and 
extended within min. after being removed from 
the bobbin. 


t 


SECTION FROM EDGE 


Australian 70’s grade Merino, New Zealand grade 


grade crossbred. summary the processing operations 
was given the first paper this series weight 
per unit length all tops was g./m., that all rovings 
was 0.208 


Fic. Disarrangement fibers due reversal 
the direction winding the roving strand 
bobbin. 
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The Force-Extension Curve 


Figures and present typical force-extension 
curves for top and roving.* testing conditions 
given the figure captions are those which had been 
chosen for applications these 
studies aging. effects varying testing con- 
ditions will discussed later section (p. 473). 

the region extension the assembly 
strand primarily deformation the fiber crimp 
little fiber slippage occurs. the point 
the breaking zone causes further extension, 
take place fiber slippage localized section 
the test length. the number and length 
fibers extending from one side the break the 
other decrease, the force necessary maintain the 
constant rate extension also decreases 


parameters 
curve are marked the curve Figure The 
maximum load that the assembly will support, 
measured 

The Hookean slope detined the steepest 
increase force the region the curve. 
extension the assembly proceeds from the 
slope the force-extension curve usually increases, 
and the Hookean slope will largely depend how 
far the curve can developed how far the 
fiber crimp can deformed) before 
becomes important. Therefore, for individual sam- 
ples from given roving, there should 
positive correlation between variations the Hook- 
ean slope and the maximum load (see Figure 13). 

Another parameter characteristic the early part 
the force-extension curve the force, 
This parameter, unlike the Hookean slope, 
does not have the disadvantage strong dependence 
the maximum load. 

The extension the load designated 


For some assemblies the initial slope the force- 
extension curve quite small, and 
define accurately the point Such difficulty may 
lead relatively large errors and 

The parameter measure the amount 
fiber slippage that must take place for the load de- 
crease from the maximum load the maximum 
load (see Appendix 

See footnote, 470. 


this paper extension percent units refers per- 
centage the initial length. 


The area under the force-extension curve repre- 
sents the energy needed pull the sample 
composite parameter and strongly influenced 
the magnitudes the Hookean slope, the maxi 
mum load, and 


The Effect Fiber Properties and Construction 
the Assembly the Force-Extension Curve 

The use mechanical properties 
blies compare different fiber types 
gate processes such aging requires assumptions 
regarding the influence factors such fiber 
fiber length the force-extension curves. Cox 
presented excellent discussion various fac- 
tors which affect the maximum 
continues such discussion, and where possible 
presents assumptions about the influence these 
factors various parameters the force-extension 
curve. Some the assumptions are verified data 
appearing the literature and the results 
information not extensive enough 
verify all the assumptions. 


Coefficient 


Since little fiber slippage occurs the region 
the force-extension curve, this part the curve, 
and consequently should relatively insensitive 
increase the coefficient friction will increase the 
amount deformation the fiber crimp that must 
take place before slippage can occur, and should there 
fore increase the maximum load, and the Hookean 
slope. Townend and have shown that in- 
creasing the coefficient the application 
Syton the fibers will increase the maximum 


load. 


Modulus Elasticity 


Since extension the assembly the maxi 
mum load primarily deformation the fiber 
crimp, increase the modulus elasticity should 
increase the Hookean slope, and the maximum 
load, The parameters and should 
insensitive changes the modulus elasticity. 


per Unit Length the Assembly 


given fiber diameter, increase the weight 
per unit length the assembly will, increasing the 
number fibers the cross section, the 
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fiber contacts which slippage must oc- 
cur for the assembly crimped 
wool fibers the assembly will tend have points 
contact rather than areas contact The re- 
and the maximum load; and should not 
affected. 


Diameter 


assembly with given weight per unit 
length, increase fiber diameter will decrease the 
number fibers the cross section and will increase 
the force needed deform the fibers each point 
contact. These two effects may not cancel one an- 
other; any decrease the number fibers 
section should cause more than proportionate 
decrease the number fiber contacts, since there 
will increase the fraction possible points 
contact which are ineffective being 
the outside surface the net ef- 
fect may decrease the maximum 
fiber diameter. 


Length 


Changes the fiber staple length should not affect 
the region, the force-extension curve where 
fiber slippage negligible. increase fiber 
length should increase the maximum load, the Hook- 
ean slope, and increasing the length for 
contact the individual fibers (see Appendix 


Density Fiber Packing 

increase the density fiber packing the 
assembly will increase the number and degree 
contact the fiber contacts that must slip over one 
another for the assembly extended, and should 
increase the maximum load and the Hookean slope. 


Fiber Parallelism 


given fiber crimp and density fiber pack- 
ing, fiber parallelism should tend in- 
crease the number points contact that any one 
fiber makes with its neighbors. However, the axial 
load the assembly strand can resolved into two 
components, one pressing the fibers together and one 
causing the fibers slip over one another; 
crease the parallelism the fibers 
Further- 
more, the decrease the wandering fibers from the 


crease the former and increase the latter. 
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inside the outside the assembly caused the 
increase the degree parallelism will increase the 
possibility slip planes being set that fibers 
may move clusters rather than 
net effect increasing fiber parallelism probably 
decrease the maximum Some experiments 
Lipowsky tend confirm this argument. 


Crimp 


For assemblies crimped tibers, the crimps pro- 
vide the points contact that must deformed and 
that must move past one another when fiber slippage 
general, increase fiber crimp will 
tend increase the maximum load and and will 
tend decrease the rate increase force 
early regions the force-extension curve (decrease 
crimp are complicated both the many different 
types crimp that can exist, and, especially for nat- 
ural fibers, the difficulty defining the crimp. 
Several idealized types fiber crimp are depicted 
Figure 

Consider the simple types crimp where the am- 
plitude and wave length the crimp are very small 
compared the fiber length (Figure 
the same degree fiber parallelism and density 
fiber packing, increase the crimp amplitude 
crease the maximum load and decrease 
shape the crimps will also important; 
sembly containing fibers crimp type (a) should 
have higher maximum load than one with fibers 
crimp type 

Crimp such (e) will accompanied poor 
crimp types (a) and (e) type 
parison the maximum loads assemblies with 
fibers crimp types (a) and should similar 
the comparison assemblies with high and low 
degrees fiber parallelism. For crimp types 
should less than for crimp type (a). 


fa) (b) (c) (d) 
(e) (f) 
Several types fiber crimp. 
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Recovery /extension 


0.78 
0.85 
108 0.94 
263 0.94 


with the other fiber properties, this discussion 
crimp has considered the crimp the fibers 
the assembly rather than the crimp the fibers 
fore they are processed into the 
sembly made from highly crimped fibers will tend 
have lower density fiber packing and perhaps 
lower degree fiber parallelism assembly 
made the same way from fibers with relatively little 
considered when interpreting experimental 


Some Experimental Results 

The following experiments 
with net twist were performed investigate the 
effects varying testing conditions, and obtain 
information regarding some the assumptions the 
preceding section. With the exception the ex- 
periment the effect relative humidity, 
chanical properties were measured 


Tensile Recovery 


Samples roving were extended various amounts 
constant rate extension in./min. and were 


EXTENSION (%) 


roving 


cycles for strands 
extension-contraction cycle, 
second 


shows some typical force-extension curves 
where the samples were re-extended break 
mediately after the first The experimental 
results are summarized Figure both recovery 
and initial extension are expressed 
the initial another the 
samples were allowed rest load 
extending. example the effect this additional 
recovery time the ratio recovery initial 
tension given Table 

For small extensions the region the 
force-extension curve (Figure almost all the 
initial extension This verifies (for 


the rapid rate extension the previous 


statement that, this region the curve, extension 


rather than fiber slippage. extension proceeds 
from and the force decreases, deformation 
extension converted into slippage thus, 


the amount recovery decreases. 


Orientation the Broken End 


was observed that, when sample 
pulled apart, the fibers either side the break 
tend oriented with their tip ends to- 
ward the break. This evidence that the interfiber 
coefficient friction must influence the force-exten 
sion curve. 


f Perfect Recovery 


° 


°° 


ECOVERY 
EXTENSION 


RECOVERY (%) 


Avg Ext at Max Load 


2 3 4 58 6 
INITIAL EXTENSION (%) 


Tensile recovery of roving. Samples wher, 


the initial was well beyond the maximum load 
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order investigate this effect, the ends 
broken rovings were breaks were 
effected manually lengths greater than 
Breaks which occurred near grip were discarded 
since fiber orientation the break could, such 
cases, affected the gripping rather than the 
slipping the shows typical break 
and typical section which the orientation the 
fibers was noted. The results given Table are 
the sums for twenty such Also given are the 
results from four samples 
which were cut with razor blade; these samples 
serve 

well known (see, for example, that for 
normal wool fibers the coefficient friction 
direction the tip-to-root greater than 
When the roving pulled apart, the fibers should, 
other things being equal, tend move that direc- 


tion for which the coefficient friction The 


observed orientation, where majority the fibers 


have their tip ends pointing toward the break, must 
therefore result. 


BROKEN ROVINGS 


No. of fibers 
with tip ends 
toward break 


No. fibers 
with root ends 
toward break 


Samples pulled apart 699 477 
Samples cut (control) 560 570 
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Fic. Typical section 
which the orientation 
bers was noted. 


Rate Extenston 


The influence the rate extension various 
curve 
marized Figure the data having been obtained 


parameters the force-extension 
from 15-in. gage length samples roving extended 
constant rates extension varying from 0.02 
in./min. 
load with increase rate extension agree- 
ment with results reported Cox 
cribed this behavior the rate extension 


The increase maximum 


the modulus elasticity for deformation fiber 
crimps. 

general, the force-extension curve relatively 
insensitive rate extension. Greater rates ex- 
tension have the advantage decreasing the time 


6 35 
HS. 


MAXIMUM LOAD (G) 


0.02 020 20 20 
RATE OF EXTENSION 


Fic. The effect rate extension various 
parameters the force-extension curve for roving. 
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needed for testing but, since they increase the rate 
change the force, they decrease the sensitivity 
with which the testing machine can measure the force. 
Using the Instron Tensile Tester, the fastest con- 
venient rate extension for these experiments was 
in./min., and this was chosen standard for the 
other experimental work described this paper. 


Gage Length 


The effect gage length was studied roving 
samples three different gage lengths extended 
constant rate extension The gage 
lengths chosen were follows: 


(a) was the shortest gage length with 
being gripped both jaws. 

(b) the size roving bobbin and type 
winding used, this was the longest convenient gage 
length which would not necessitate 
the test length section from the edge the 
roving bobbin (see Figure 3). 

(c) in—This was the longest gage length that 
could used the Instron Tensile Tester. 


Since extension the roving after the maximum 
load takes place primarily localized section, the 
rate extension was kept the same for the three 
gage lengths. The effect gage length various 
parameters the force-extension curve 
marized Figure 

With gage length many the fibers the 
broken end are gripped one the other the 
jaws, and these fibers must move the direction 
dictated the jaw motion rather than the manner 
which will require least force. Thus, the maximum 
load for 7-in. gage length greater than that for 
15-in. gage length. That for 25-in. gage length 
slightly less than that for the 15-in. gage length for 
several reasons: (a) the effect the section from 
the edge the bobbin; the greater probability 
encountering weak place; (c) the 
ability nonlocalized fiber slippage. 


The Hookean slope expressed both 


extended /gage length 


and extended). The dependence the 
former parameter gage length similar that 
the maximum load, and due the dependence 
The 


the Hookean slope the maximum 


much stronger dependence the latter parameter 
gage length, well the constancy when 
expressed percentage the gage length, indi- 
cates that extension the maximum load the 
whole test length rather than localized section. 

The increase very long gage lengths may 
due larger amounts nonlocalized fiber slippage 
that can occur before the maximum load reached. 
not expressed percentage the initial length 
even with this nonlocalized fiber slippage 
primarily property the localized section where 
the break occurs. 

The slight dependence the gage length 
may due the use plane-faced 
cause some deformation the roving strand the 
jaws. would expected that this deformation 
affects primarily the early region the force-exten- 
sion curve, and the relative effect this deformation 
shouid greater for the shorter samples 

the other roving testing this pa- 
per standard gage length in. was chosen (the 


average fiber staple length all rovings tested was 


Foy, 


HOOKEAN 
SLOPE 


HOOKEAN 
(G) 


MAXIMUM LOAD 


GAGE LENGTH 
the force-extension curve for roving 
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THE MECHANICAL PROPERTIES ROVING 


None the fibers 
participating the 
break gripped jaws 


Parameter force- 
extension curve 
(arbitrary units) 


Many fibers 
one broken end 
gripped jaws 


Maximum load 12.8 12.3 

Hookean slope 5.39 
1.03 1.10 
1.04 1.04 


between 2.4 and 3.4 in.). With this gage length the 


localized sections which break occurred seemed 


thermore, the data Table indicate that there 
was difference the mechanical 
tween samples which had the fibers one the 
broken ends gripped one the jaws 
where none the fibers participating the break 


randomly distributed along the test lengths. 


were gripped one the jaws. 


Relative Humidity 


The results series tests samples rov- 


ing from bobbins which had conditioned 


three relative humidities are presented Figure 10. 


another experiment bobbin roving was 


mosphere 


Samples were tested after 


various times the latter atmosphere, and 


sults presented Figure show the changes that 


occur parameters the force-extension curve 


the roving goes from regain corresponding 


The crimped wool fibers the roving tend have 
points contact rather than areas contact 
Consider greatly simplified diagram (Figure 12) 


The ar- 
rows represent the direction motion the fibers. 


the fibers one such point contact. 


The axial load, the strand can resolved into 
two components 


cos the force available over- 


come friction the point contact, and sin 
normal force pressing the fibers together the 
point contact. 


very elementary way can 


said that for slippage occur the fibers must de- 


formed the point contact from the original con- 
tact angle such that 


being the coefficient Thus, slip- 


the amount deformation needed 


also increases. 


well known that the regain wool fibers 


the modulus elasticity decreases 


= z 
= =x 
300 


so 60 


70 80 
RELATIVE HUMIDITY (%) 


parameters the force-extension curve for roving. 


and there evidence that the regain increases, the 
coefficient friction increases Therefore, 
the regain increases, the higher resultant coefficient 
friction requires that the roving extended far- 
ther before slippage occurs increases), the 
smaller 
force perform this deformation decreases 


lower modulus elasticity may allow 
and the Hookean slope decrease due the lower 
modulus elasticity. There explanation 
present for the change 

There is, however, another possible explanation 
the effect regain the fibers the force-ex- 
tension curve the roving. has already been 


stated that the process unwinding sample from 


Fim 
@ 
2 
< e 
8000 
w 
7000 
z '50 8 
Fic. The effect relative humidity various 


parameters the force-extension curve for 
parameters are expressed arbitrary units. 
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S _ AXIS OF 
STRAND 


over one another. 


the roving bobbin and inserting the jaws the 
testing machine, the fibers the roving can undergo 
recovery from previous deformations, There the 
possibility that greater amounts such unwinding 
recovery will occur the higher regains even though 
Ina subsequent paper aging, the effects 
such recovery will discussed, and they are 
sunilar those obtained this experiment. 


The Correlation Between the Hookean Slope and 
the Maxtmum Load 


was mentioned earlier that, for the assemblies 
investigated, the Hookean slope depends both the 
the rate which the force increases the early 
gions the curve and the maximum The 
dependence Hookean slope maximum load can 
obtained from the sample-to-sample 
given type roving, Figure 13, and compari- 
son the Hookean slopes comparable maximum 
loads leaves only the effect the early region the 
curve. For the example 
Figure 13, the change the crimp (Figure from 
Hookean slope decreasing the rate which the 
force increases the early region the curve, and 
increasing the maximum while the 
average Hookean slopes for these two rovings dif- 
fered the Hookean slopes 
maximum loads differed 


200 


HOOKEAN SLOPE 


100 


5 10 S 2 2 


MAXIMUM LOAD (G) 

13. 

maximum load for roving. 


The dependence the Hookean slope the 
Fibers having crimp type 
having crimp type 


Experimental Variances 

The variance mechanical properties samples 
single assembly strand from strands pro 
duced different machine units the 
essing step depends, course, upon the type proc 
essing equipment section discusses such 
variance for one fiber assembly, roving, produced 
single mill using the French 
The discussion will confined one parameter 
the force-extension curve, the maximum 
results may not directly applicable the fiber 
semblies produced other stages 
other mills, other processing systems, but they 
should indicate the types variability expected. 

The coefficient variation the maximum load 
along single roving strand between and 
factors may contribute this vari 


ance 


(a) Variations the weight per unit length 
eraged over the whole gage length) the samples. 
the rovings tested the maximum showed 
some dependence the weight per unit length, but 
the correlation coefficient was only 0.30** (139 de- 
grees freedom), and this factor does not contribute 
very greatly the over-all variability the maxi 
mum 

The natural staple length distribution, This 
will lead variations the number 
contacts the localized breaking zone (variations 
the length for contact (see Appendix 

the fiber parallelism due machine 

(d) The oceurrence the strand thin 
spots other weak places, the lengths which are 
less than the gage 


Long-period variability along the 
(possibly due changes conditions 
during may cause increase the 
from different sides the same double-meche head, 
from different heads the same roving frame, and 
from different roving frames. Figure illustrates 
the differences that can exist between the two strands 
from one double-meche head, between heads, and 
tween frames. standard deviation 
that for samples from single strand; five samples 


were tested from each strand. Figure 


See footnote, p 470 
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data which illustrate the lack correlation between 
the average maximum loads for 
and the average weights per unit length these 
strands roving. Therefore, the 
mechanical properties cannot ascribed differ- 
ences weight per unit length among the various 
strands. would seem that the differences me- 
chanical properties are caused slight differences 
the degree fiber parallelism density 
fiber packing the rovings produced different 
machine units. For example, the rub apron one 
head may worn more than that another head 
and would therefore less efficient condensing the 
roving. 

Data for the roving strands from both sides 
and several double-meche heads three 
frames are presented Table The proper- 
ties the strands differ widely. However, when 
yarns are spun from these rovings the properties 
all the yarns are quite similar; these data thus indi- 
cate that the differences properties the roving 
strands are not reflected comparable differences 
properties the yarns spun from these rovings. 
The roving measurements are 
small differences fiber parallelism and 
ing, condition which does not obtain highly 
twisted yarns whose properties depend more 
behavior the single fibers themselves than fiber 
interrelationships. possible, however, that the 
differences between roving strands indicated the 
differences their mechanical properties will cause 
the strands have different spinnabilities. 

The machine differences just described are 
portant factor the design experiment com- 
pare the roving properties different 
proposed that useful experimental design 
process half each wool parallel, each half 
the available equipment. 


MAXIMUM LOAD (G) 


produced different machine units. 
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TABLE IV. Yarn Spun FROM IDENTIFIED STRANDS 


1.00 0.96 1.00 0.93 


Roving 
Yarn 


tionships are then reversed; the second half wool 
processed the machinery which processed the 
first half wool and the second half wool 
processed the machinery which processed the first 
half wool this way any machine differences 
can detected and eliminated from the comparison 
between the wools, and both wools are processed 
the same time under similar atmospheric conditions. 


Summary 


The tensile force-extension curves for tops and 
rovings with net twist have been measured with 
the Instron Tensile Tester using gage lengths ap- 
preciably greater than the fiber staple 
tial extension the assembly strand primarily 
deformation the existing fiber crimp; little fiber 
slippage occurs. Extension beyond the maximum 
load primarily fiber slippage localized sec- 
tion, without fiber breakage, until the assembly strand 
completely pulled apart. 

Among the useful parameters the force-exten- 
sion curve are the force fixed low extension, 
the steepest rate increase force the initial 
portion the curve, the maximum load, the 
extension the maximum load. The effects 
these parameters variations such testing condi- 
tions rate extension, gage length, 
humidity are described. 


MAXIMUM LOAD (G) 


220 
WEIGHT PER UNIT LENGTH 

Data illustrating the lack correlation be- 
tween the mechanical properties roving 
duced different machine units and the weights per unit 
length these strands. 
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The force-extension curve such 
factors fiber length, fiber diameter, weight per 
unit length the assembly, fiber modulus elas- 
ticity, interfiber coefficient friction, fiber crimp, 
fiber parallelism, and density fiber packing the 
assembly, and the relationships between these factors 
and various parameters the curve are discussed. 
Measurement the mechanical properties fiber 
assemblies should useful method both 
vestigating processes which affect any the above 
factors and characterizing different fiber types. 

The variances mechanical properties samples 
from single assembly strand from 
duced different machine units the same process- 
ing step are discussed for roving produced 
French worsted system. The differences between the 
roving strands produced different machine units 
not seem reflected comparable differences 
properties the yarns spun from these rovings. 


Appendix 

This appendix presents attempt derive 
expression for the descending portion the force- 
extension curve. The recent paper Anderson, 
Cox, and Hardy also had theoretical treatment 
this portion the force-extension curve. 

will assumed that extension the assembly 
strand the maximum load can attributed 
entirely deformation the crimp, and that, the 
force decreased, this deformation 
Data presented previous section 
473) indicate that this assumption sufficiently valid 
assume that all fibers have the 
same diameter, are parallel the long axis the 
strand, and not have differential coefficient 
friction. Since most the fiber slippage occurs 
localized section, will assumed that only those 
fibers which cross given plane perpendicular 


strand: (a) undisturbed assembly strand; (b) after 
amount slippage extension equal ——, Fibers 
that move with left-hand section. that move 
with right-hand section. 
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the long axis the strand (see Figure need 
The position such fibers with re- 
spect will determine their direction motion. 
The net slippage any fiber assumed along 
the fiber axis and equal direction and amount 
the motion the side the break with which the 
fiber 

Let the number right-hand ends fibers 
per unit length the assembly, the length any 
fiber, and (/) the staple length distribution func- 
tion which normalized 


(1) 


was shown Foster, Gregory, and Wormersly 
which cross 


and can shown that the number 
have their right-hand ends the interval extending 


now assumed that fiber will move with the 
section the left-hand side the break less 
fiber will move relative the fibers 
the right-hand section (slip over them), and 
the unextended roving will have length for contact 
with fibers over which must slip equal 
the two sides the break can considered sym- 
metrical, the total original length for contact 


Yeu 


The force necessary cause the fibers slip over 


will 


one another will assumed proportional this total 
length for contact. 

Consider now that part the total extension the 
assembly that due fiber slippage. Figure 16b 
shows the positions the fibers with respect the 
original plane after slippage extension has 
occurred, fiber contacts the cross 
hatched region Figure 16b, the length for contact, 
with the right-hand section, fiber moving towards 
the left will The total remaining length 
for contact after extension will 


X=1/2 
X= S 
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Note that when equation (5) reduces equa- 
tion (4). 
Performing the first integration 


28 


Since the force necessary cause the fibers 
over one another has been assumed proportional 
the length for contact, 


where the maximum load and the force 


after amount slippage extension has 

Since extension the region the force- 
extension curve (Figure has been assumed 
completely recoverable, the slippage extension should 
measured the distance along the 
tween the ascending and descending portions the 
curve. For example, (Figure 
the slippage extension for the special case where 
1/2. 

the staple length distribution for the fibers 
assembly known, equation (7) can used cal- 
culate the descending portion, BC, the force-ex- 
tension curve. comparison between experimentally 
observed and calculated curves given Figure 17. 

Considering the extent the simplifying assump- 
tions, the agreement between the experimental and 


curves fairly the length for 


EXPERIMENTAL 
CALC 
4 
\ 
% 
EXTENSION (IN) 


served force-extension curve for roving and the curve 
calculated from equation (7). 
medium 


Roving made from the’ 
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contact the cross-hatched region Figure 16b 
not neglected, the load for any given slippage exten- 
sion will greater than calculated. very high 
extensions the attenuated 
spread out, and the rate decrease force not 
great indicated equation corrections 
would bring the experimental and curves 
into better agreement. 
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Mechanical Properties Cotton Fibers 


Part II: Effect Acids Fibers under Tension* 


The Institute for the Study Rate Processes, University Utah, Salt Lake City, Utah 


Part this series was noted that the 
relaxation constants obtained subsequent 
curves were the same those from the initial force- 
relaxation curves (at constant for single 
cotton fibers. This provides the basis for method 
measuring quantitatively the chemicals 
cotton Using this characteristic behavior, 
study the reaction the strong acids 


These reactions are interest, since 


hydro- 


well known that the’ beta-glucosidic 
cellulose are hydrolyzed even dilute 


tions. 


Experimental 


The instrument and technique used obtain the 
initial relaxation curve for the water-saturated fiber 
were identical with those reported 
After the initial relaxation curve had been obtained, 
the solution 


pipetted into the test chamber. the time rate 
change the curve was the same order 
that for the slow relaxation constant the water- 
saturated fiber, the fiber was re-elongated secure 
vestigations were conducted seed 


the relaxation curve the 


ple from the same stock used previous 


Results 


The effect the acid reagents has been divided 

portion this paper from the Ph.D. dissertation 
Lasater, University Utah, 1952. 

This work part the Office Naval 
Research. 

Part appeared April, 
RESEARCH JOURNAL. 

Present address: Research 
nolia Petroleum Co., Dallas, Texas. 

Richmond, California. 
Dean the Graduate School, University Utah. 
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Mag- 
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Research 


was analyzed with the equation that the 


relaxation curve the fibers air and water 


addition affecting the relaxation constants 
the fiber, the acid solutions caused “instantaneous 
the fiber whenever the acid concentration was above 


centration was function the temperature and 


con 
the type acid used. 

The force oc 
curred rapidly the solution could 


relaxation the 


chamber, 


throughout the entire length the 


occur 
Undoubt 
edly, there finite time required for this effect 
take place, but was impossible 
this time interval with the present experimental 
The 


laxation was function 


the force 
the fiber just prior the appheation 
solution and not function the initial force the 
fiber the beginning the relaxation. amount 


force the fiber just prior the addition the 
acid has been designated the 
The 


centration and 


various values obtained con 
The force reduction and the relaxation constants for 


the water-saturated 


with 
various concentrations hydrochloric, and 


seed cotton treated 


nitric acids are given Tables and 


The graphical representations the variation 


the reduction with concentration 


perature for the three acids are shown Figures 
and 


hydrogen ion activity the acid, shown 


When the force reduction related the 


ures and for hydrochloric acids, 
the force reduction tends approach 


value. The data for acid 


j 
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TABLE 
1.04 0.471 
0.5 1.05 3.49 
2.0 1.07 6.61 
4.0 1.08 7.67 
6.0 1.09 8.01 
TABLE 
0.5 1.05 3.94 
2.0 1.07 6.06 
6.0 1.15 7.84 


TABLE 
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ACID WATER-SATURATED SEED COTTON FIBERS UNDER TENSION 


20°C 40°C 60°C 
1.18 1.61 2.48 
1.20 7.84 1.25 11.2 
1.21 10.1 1:26 14.1 
1.22 11.9 1.28 16.9 
1.24 12.5 


20°C 40°C 60°C 
1.18 1.61 1.23 2.48 
1.19 5.78 1.24 6.41 
1.20 7.84 1.25 8.72 
1.25 11.5 1.28 14.6 


20°C 40°C 60°C 
1.04 0.471 1.18 1.61 2.48 

0.5 4.73 1.25 6.06 1.34 10.1 

1.0 1.18 5.69 1.29 8.01 1.39 12.2 

2.0 1.24 6.79 1.31 10.4 1.45 13.8 

4.0 1.31 8.50 1.43 1.53 


9.35 
same behavior would found this case also, but, 
unfortunately, supplementary activity data for nitric 
acid are not activity data were ob- 
tained from Harned and Owens 

apparent that the acids react with the fiber 
cause the force reduction. explanation 
this phenomenon that acid reacts with some 
The nature 
the reagents and the rapidity the sug- 
gest that the bonds that are attacked the acid 
are 
written 


the bonds that support the force. 


where represents the bond that 
attacked the acid. 
pseudo-equilibrium, with the equilibrium constant 
defined 


This reaction was treated 


(2) 
(bond) (H*) 


TABLE CONSTANTS FOR 
CHLORIC AND SULFURIC ACIDS WATER-SATURATED 
FIBERS 


Temperature 
Hydrochloric acid Sulfuric acid 
0.058 0.13 
0.70 
0.070 1.56 
0.076 2.35 


evaluate this pseudo-equilibrium, was assumed 
that the limiting value the force reduction 
portional the total number bonds 
react with the acid this manner, and the observed 
force reduction proportional the number 
bonds that reacted. these assumptions, the 


(Af 


constants for the reaction 


at 
at? 
3 
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Instantaneous effect hydro- 
chloric 


cotton, 


Force Reduction 


Concentration (mois 000 woter) 


Force Reduction (at/f) 
Force Reduction (at/f) 


2 6 20 
Concentration (mols ¢ water) 


> 
~ 
a 
« 
- 
> 
° 


Concentration (mois 


Theoretice! 


Experimente! 


force Reduction (at/f 


12 
Hydrogen ton Activity 
effect hydrochloric acid 
seed 


saturated seed cotton fibers are given Table IV. 

This reaction was treated pseudo-equilibrium 


not reversible. However, has many the prop- 


erties equilibrium. was observed that when 
fiber was treated successively with increasingly 


concentrated acid solutions, the total force reduction 


40 


Force Reduction (at/f 


Tempereture (°C) 


Fic. Instantancous effect sulfuric acid 


on water-saturated seed cotton, 


Tempereture (°C) 


Force Reduction (at/t) 


20 40 
Temperoture (°C) 


Force Reduction (at/t) 


Hydrogen ion Activity 
Instantaneous effect sulfuric acid 
water-saturated seed cotton 


each stage was the same that obtained when 
the fiber the concentrated 
solution alone. For example, the fiber was treated 
with molal sulfuric acid 


duction occurred; this solution was removed 


and molal sulfuric acid added, with additional 
force reduction The total force 


reduction, 6%, was the same that obtained when 


with most 


20°C), and force re- 


occurring. 
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Limiting Volue of Ferce Reduction 


300 310 


Temperature (°A) 


When 


the fiber was treated with these solutions the re- 


fiber was treated with molal acid. 


verse order, only the more 
caused any force reduction. 

The limiting value the force reduction, within 
experimental error, was the same for sulfuric and 
acids. This limiting value the force 
reduction varies regular manner with the tem- 
thought that 


this limiting value function the 


perature, shown Figure 


the fiber, and, this the case, the accessibility 
varies with the temperature. 

The interchain structure considered one 
the important factors for governing the properties 
fiber [&, 13]. 
fibers have regions high order 


generally that cotton 
transition between the two regions and there 
penetrate the crystalline region have 
ever, there very little correlation between the vari- 
ous methods 


been 


The correlation the limiting value the force 


reduction the accessibility problem fiber 
structure. 


Since the limiting value well below 
possibility continuous disordered region through- 


WITH TEMPERATURE 


OF THI 


Temperature 
(%) 
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the force reduction with temperature 


out any cross-sectional area the wet fiber, and 
requires the continuous phase the ordered 
are partly converted into disordered regions with 
increasing temperature, there the possibility that 
small conversion might serve connect pre- 
viously inaccessible disordered region 
limiting value the force reduction and tem- 
perature indicates that this not the 
quantity the disordered thus, with reser- 
vation the validity, the given Table 
was taken direct measure the accessibility 
the amorphous fraction. 

The variation with temperature suggests there 
equilibrium between the ordered 

(cellulose), 


(B) 


(cellulose), 


Theoreticel 


Eaperimentot 


Slow Relexation Constant 10° 


Hydrogen ton Activity 


20 24 


hydrochloric acid slow relaxation 
constant water-saturated seed 
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and the equilibrium constant given 


(4) 
(cellulose), 
Using the proposal relating the accessibility, 
the equilibrium constant given 


(100 


The equilibrium constant was evaluated several 
temperatures, and the thermodynamic expression 


(6) 


was used the free energy the conver- 
The enthalpy conversion crystalline cel- 
lulose amorphous cellulose was found 


and entropy 12.4 


The acids had more pronounced effect 
The ef- 
fect hydrochloric acid function the hydro- 


slow than the fast relaxation constants. 


gen ion activity shown Figure and that 
The 
nitric acid the basis concentration shown 


sulfuric acid shown Figure 


chloric acids shown Figure 10, 


and for hydrochloric and nitric acids Figure 


—— Theoretico! 
Experimental 


Slow Relexetion Constent X 105 (seer!) 


Hydrogen ion Activity 


sulfuric acid slow relaxation con 


stant water-saturated seed cotton. 
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While would have been desirable have meas 
urements 60°C, was impossible collect meas 
due the 
rupturing shortly after the addition the hydro- 


urements sufficient accuracy fibers 


mediately upon addition the stronger nitric acid 
The 
greater 


degree uncertainty due the difficulty 


mental conditions for sufficient time for very 


experi 
curate evaluation the relaxation 

The trend 
that here again there equilibrium 


constants suggests 
was 
the first reaction was the adsorption the 
the and the second reaction between the acid 


and the thus the preliminary equilibrium 


cellulose 


The slow relaxation constant varies with the prog- 


ress the reaction the right: 


The equilibrium for the adsorption the 


Siow Reloxotion Constont (r,)X105 (sec? 


© Experimenta! 


2 3 4 


Concentration (mois /i000 woter) 


constant of water-saturated seed cotton, 


Ps 

5 
4 
“4 
| 

j 

20° 
{ 

: 


Temperature — 20°C 


Stow Reieretion Constent x10 (sec*) 


a a 
Hydrogen ion Activity 


comparison the slow relaxation constant 
hydrochloric and sulfuric acids. 


ion the fiber given 


(cellulose 


(cellulose) 


(8) 


The total cellulose the sum the reacted and the 
unreacted cellulose 


(cellulose), 


(cellulose) H*) (9) 


(cellulose), 


The amount unreacted cellulose any concen- 
tration given 


Thus, the relaxation constant becomes 
'k + ‘a 


The mol fraction, (cellulose),, must have value 
and thus the variation the relaxation con- 
stants with hydrogen ion activity. The values ob- 
tained for the equilibrium constants and 
constants for hydrochloric acid are given Table 
VI, and those for acid Table 

The interesting observation this point the 
fact that the reaction constants for the sulfuric and 
hydrochloric acids are essentially the 
indicates that the action the acids the same, 
and the difference the behavior the acids lies 
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Temperature 20°C 


Siow Reloxetion 


2 
Concentretion (meis/1000 ¢weter) 


Fic. comparison the slow relaxation constant 


the adsorption reaction. The reaction constants are 
thought related the hydrolysis constants 
the linkages. 

The hydrolysis the linkages 
complex process when the nature the fragments 
are considered; however, number authors, in- 
cluding Nelson and Conrad Ziifle al. 
Ekenstam and others, have treated the over-all 
reaction first-order reaction with good results. 
Although the rate constants obtained these studies 
obey the classical laws kinetics, this treatment 
not entirely satisfactory since the rate constants vary 


TABLE AND REACTION Con- 
STANTS FOR ACID WATER- 
SATURATED SEED FIBERS 


12.9 
1.41 18.4 


TABLE AND REACTION 
CONSTANTS FOR SULFURIC ACID WATER- 
SATURATED SEED FIBERS 


4.08 13.3 


3.06 18.3 
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Temperature 


Acid Concentration 
0.12 sulfuric 65°, 

hydrochloric 

sulfuric 

sulfuric 

hydrochloric fuming 


sulfuric 51% 


with the hydrogen ion activity. The 
these studies indicate that the first-order reaction 
approach correct, but that all factors 
have not been considered. 

Using the development 
tion (C), for the reaction cellulose with hydro- 
gen ions, the rate hydrolysis given by: 


(cellulose) ‘dt (cellulose-H*) (13) 


(cellulose), 


(15) 
When this compared with the usual expression 
for the hydrolysis: 


seen that the actual hydrolysis constant 
related the experimentally measured rate con- 
stant the expression 


(17) 


TABLE AND REACTION CONSTANTS FOR 
HypROCHLORIC ACID WATER-SATURATED 
FIBERS 


Temperature 


(°C) 
0.312 
TABLE AND REACTION CONSTANTS FOR 


WATER-SATURATED 
Seep Corton 


Temperature 
0 0.60 107 


TABLE AND CALCULATED RATE CONSTANTS FOR 


Literature 

source 


Although the hydrogen ion appears the expres- 
sion for the hydrolysis the cellulose (equation 
(15)), this factor generally not included 
rate expression since the reaction normally car- 
ried out excess acid 

Taking the equilibrium constants slow 
relaxation constant treatment, the rate constant for 
the hydrolysis constant was calculated 
the apparent rate constants found litera- 
ture the range the present relaxation 
Table lists the apparent and 
constants various temperatures. 

From the values obtained Table 
pears that the proposed treatment leads 
consistent results the low concentration range 
and that major divergence occurs high concen- 
trations the acids. The activity the acids 
much greater than unity, and possible that 
high activity the adsorption the hydrogen 
relatively unimportant. 

noted that the constants for the 
cellulose the low concentration range 
what smaller than the constants identified the 
slow relaxation treatment those for the hydroly- 
known that force alters the potential The 
force may alter the equilibrium constant 
adsorption the hydrogen ion, but probable 
that such effect would small. 

The acid has only slight effect the 
laxation constant. view the 
ment the slow relaxation constant, seemed rea- 
sonable treat the fast relaxation process simi- 
lar manner. However, the hydrogen ion thought 
react with another constituent, 
cellulose the cotton fiber. The exact substance 
the hydrogen ion reacts with not evident, but 
thought that may easily hydrolyzable mate- 
rial Thus, the reaction written: 
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The development was analogous the reaction 
with cellulose, and this gave the expression for the 
relaxation 


(18) 


for cellulose, the activity was taken 
unity, and the various constants 
These constants for the hydrochloric acid are given 


Table IX, and for sulfuric acid Table 


the case the effect the acids cellu- 
lose, the rate constant independent the acid 
and the difference the acid occurs the adsorp- 
dicate the possibility this type reaction. 
their work apparently there was extremely rapid 
hydrolysis the fiber during the first hour re- 
action, with slower hydrolysis the accessible 
portion the fiber occurring during the next 
hrs. The oxidation studies Harris al. 
show the presence very reactive component 
the raw fiber, but was identified the pectin. 

Thus, proposed that the relaxation element 
participating the fast relaxation process easily 

acid data was not possible due the lack good 
activity data, apparent that the effect the 
nitric acid substantially the same observed for 
hydrochloric and sulfuric acids. the temperature 
range the experiments, the oxidizing power 
nitric acid does not appear important fac- 
tor. However, the results the work 60°C in- 
dicate that the oxidizing power becomes 
portant aspect the reaction. 

The surprising regularity the various effects 
hydrochloric and sulfuric acids gives very strong 
indication that the important factor the reaction 
these acids with the fiber the extent adsorp- 
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tion the acid the fiber, and that the secondary 
reaction the hydrogen ion with the fiber essen- 
tially the same. The obvious question arises from 
this work whether not the adsorption the 
acid the fiber the important step the reac- 
tion all acids with cotton fibers. Further experi- 
mental evidence needed settle this point. 
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Impact Properties Yarns Made from 
Different Fibers 


Herbert Schiefer, Wm. Appel, John Krasny,* and George Richey 


Textiles Section, National Bureau Standards, Washington, 


Abstract 


Yarns ranging from low tenacity and high elongation high tenacity and low elongation 
were broken impact loading and static loading. The energy required break each yarn 
under impact loading, “impact energy,” and under static loading, “static energy” 


the clonga 


tion break; and the tenacity were measured calculated. 

The results show that the impact energy rupture can, general, estimated the 
static energy. The impact energy greatly exceeded the static value for yarns low clonga 
tion. For yarns breaking above elongation about 50%, the impact energy was equal 
the static energy, except for two yarns having elongation over 500%, where was less 


than the static value. 


Yarns having very high elongation when tested 70°F and 65% relative humidity had 
greatly reduced elongation when dried for 120 hrs. 190°F and tested immediately. The 


was still further reduced when the dried yarns were cooled for hr. 


tested immediately. 


and 


These findings have bearing the selection yarns for the construction safety 
safety ropes, and certain textiles which may subjected impact loading over 


wide range temperatures. 


Introduction 


The properties textiles under impact loading are 
increasing importance agencies concerned with 
national defense. They are also great interest 
safety engineers and manufacturers safety belts and 
ropes for civilian use, where the lives individuals 
may depend upon the capacity the material ab- 
the energy Published information 
not only meager, but also appears contradic- 
tory. Newman and Wheeler published results 
the impact strength nylon and sisal ropes which 
indicate that energy values static 
tests these ropes give good estimate the per- 
formance under impact loading. Stang, Greenspan, 
and Newman published results dynamic ten- 
sile tests cotton and nylon webbing. Whereas the 
cotton webbing showed higher capacity for energy 
absorption when tested under impact loading than 
when tested under static loading, the reverse was 
found for nylon webbing. showed that 
the static energy and elongation may vary greatly 
with temperature. Wegener and Geuthe 
cently reported results for various yarns, with elonga- 
tions less than which indicate that the stress 

Present address: Harris Research Laboratories, Wash 
ington, 


and extension for impact loading 
less than for static loading. Accordingly, the energy 
absorption for impact loading would considerably 
less than for static loading. 

view the importance the capacity textiles 
absorb energy and the interest such informa 
tion for materials very high elongation, explora 
tory study was made yarns ranging 
high elongation and low tenacity low elongation 
and very high tenacity. The results 
are reported and discussed the present paper 


Materials 


The yarns tested included wide range 
terials, many them still the experimental stage 
development the time the work was done, and 
wide range constructions 


Table 


They are 


Testing Procedures 
General 


Unless otherwise stated, all tests were made 


relative humidity. 
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TABLE 


Sample 
No. Description Filaments Denier Twist 
Polyethylene, undrawn 3820 none 
Nylon, undrawn, treated 2165 
Nylon, undrawn 1185 
Nylon, undrawn, treated 1163 
Nylon, undrawn, treated 1195 
Acetate, high impact 343 
chloride-acrylonitrile copolymer, 70% elongation 200 407 
Vinyl chloride-acrylonitrile copolymer, elongation 200 329 
Vinyl chloride-acrylonitrile copolymer, 40% elongation 200 305 
Vinylidene chloride copolymer 840 none 
Vinylidene chloride copolymer 1235 none 
Vinylidene chloride-vinyl chloride copolymer 220 
Rayon, viscose 480 1135 
Acrylonitrile, 3-strand sewing thread 945 
Nylon, 3-strand sewing thread 1060 0(10Z)* 
Nylon 318 none 
Rayon, viscose, high strength, 3-strand sewing thread 917 
Figures parentheses give cord twist. 


For the breaking strength and impact tests, the they were glued the cardboard tabs as- 
ends each yarn specimen were glued tabs card- satisfactory bond. 
board with suitable adhesives before they were fas- 
tened the clamps order minimize slippage Strength, 
and damage the yarns the clamps. The ends The breaking strength tests were made with the 


the yarn specimens nos. and were Olsen electromatic testing machine with 


Static Impact Impact energy Recovered 
Sample Tenacity Elongation energy energy Static energy energy* 

No. (%) den.) den.) (%) (%) 

1.7 16.2 18.0 111 

2.0 11.5 15.5 135 

2.0 5.6 6.8 121 
3.0 6.1 14.5 238 

3.5 6.9 12.5 181 

6.0 5.0 9.8 196 
6.6 10.2 15.3 150 
6.7 


13.4 16.5 123 


Energy recovered expressed percentage the energy input the breaking strength. 
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distance in. between grips, except 


yarns nos. and where this distance was 


in., and with rate elongation in./min. 


Tests made this rate elongation may con- 
sidered static tests. The load-elongation curves were 
automatically recorded rectilinear coordinate pa- 
per. least five specimens each yarn were tested, 
The average breaking strength, converted tenacity 
grams per denier, and the average percentage 
elongation rupture were computed from the graphs. 
The results are given Table 

The area under the load-elongation curve each 
The 
average area for least five specimens was computed. 


specimen was measured with 


measure the static energy required strain 
the yarn rupture. The static energy, expressed 


denier, given Table 


Improvised equipment for impact tests. 


Impact Strength 


The equipment shown Figures and 
improvised for estimating the impact strength the 
yarns. The cardboard tab one end specimen 
attached the fixed hook and that the other 
end hook light aluminum plate, The 
distance between the tabs was in., except for yarns 
The plate 
free move vertically along the 
rods, 
also free move along the rods. 
the impact load. 


second aluminum plate, weighing 
serves 
can raised known distance 
above plate and allowed drop under es- 
sentially free fall. The distance the free fall can 


Close-up view specimen mounted 
equipment impact test. A—Fixed hook. 
Parallel rods guiding plate impact 
plate. weight. 
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can added plate required for the tests. 
The rate elongation impact was the order 
6,000 in./min., about 500 times that the static 
tests.* 

Five specimens each yarn were tested, using 
total weight and height fall such that the energy 
was insufficient break any the five 
mens given The energy impact was 
then increased equal increments and least five 
specimens were tested for each impact energy. The 
number specimens which failed each impact 
energy was The energy impact was in- 
creased until all five specimens yarn tested failed 
for that energy. The extensions the unbroken 
specimens for those energies impact where only 
some the five specimens failed were measured af- 
ter the impact weight had come rest. 
these values approximation the extension 
rupture. The impact energy rupture the 
broken specimens was taken equal the energy 
impact plus the product this extension and the 
total weight the impact 

The percentage specimens which failed 
given energy, expressed per 
length yarn and per denier, 
against the impact energy. straight line could 
fitted the plotted points. The average impact 
therefore given the point the straight line 
which 50% the specimens failed. 
ues are given the impact energy Table 


Energy Recovery 


Some the yarns were loaded statically 
Tinius Olsen electromatic testing machine 80% 
the average breaking strength and then the load 
was From the area under the load-elonga- 
tion curve the energy input was computed. From 
the area under the load-recovery curve the energy 
recovered was computed. The energy recovered, 
expressed percentage the energy input, 

important note that whereas the rate elonga- 
tion the static tests remained constant 
throughout the test, the impact tests the rate elongation 
decreased from about 6,000 impact zero rup- 
ture. Obviously quite different results would expected 
for impact tests where the high rate elongation main- 
tained throughout the test. Although tests the latter 
would provide basic information concerning the properties 
the materials tested, the impact tests described this 
paper provide important information concerning 
tical applications, such the use safety ropes and belts 
protective armor, where essential that the rate 
elongation becomes zero before the material ruptured. 
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Elongation Oven-Dried Specimens 


Specimens some yarns were dried for 120 
oven maintained each specimen was 
removed from the oven was immediately extended 
rupture with the hands, and the elongation rup- 
ture was observed qualitatively. 


Elongation Oven-Dried Specimens Low Tem- 


Specimens which were dried for 120 hrs. oven 
maintained 190°F, and were therefore essentially 
dry, were immediately transferred from the oven 
tioning box maintained each speci- 
men was removed from the desiccator the cold 
conditioning box was immediately extended rup- 
ture with the hands, and the elongation rupture 
was observed qualitatively. 


Discussion Results 


Although the yarns varied number filaments, 
denier, and twist, the results 
basic differences. Thus the energies, both static and 
break the yarns low tenacity and very 
high elongation were relatively high. The recovered 
energies for the yarns high and very high tenacity 
high very high. These values are pertinent the 
choice shock-absorbing fibers for use safety ap- 

The impact energies rupture the yarns very 
high elongation, nos. and are about equal 
their corresponding static energies. the other 
hand, the yarns having high very high tenacity and 
ordinary elongation, nos. 12, 13, 14, 15, 16, 17, 19, 
and 20, have values for impact energy rupture 
which are considerably greater than the static ener- 
gies. 

The impact energy rupture plotted against 
the static energy Figure low impact energy, 
the values exceed the static energy: all the points 

This total impact energy close approximation the 
impact energy rupture. The energy recovered 
tests when yarns high elongation were loaded 80% 
the breaking strength was less than 10% (Table that 
the error the total impact energy would less than 
even the product yarn extension and impact weight 
were large the energy impact. The energy recovered 
static tests when yarns low elongation were loaded 
80% the breaking strength was less than 75% (Table 
that the error the total impact energy would again 
small because for these yarns the product yarn extension 
and the impact weight less than 20% the energy 
impact. 
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Fic. The energy the yarns plotted 


the static energy. 
lie above the 45° line. high impact energy, the 
values are about equal the static the points 
lie slightly above and below the 45° static 
energies give, general, good estimate the im- 
pact energies strain the yarns rupture. 

The impact energy rupture, expressed per- 
centage the static energy each yarn, plotted 
Many the 
plotted points below elongation 50% lie con- 
siderably above 100%, 


against the elongation Figure 


indicating that the impact 
energy rupture much greater than 
energy.* elongations above 50%, the impact 
energy rupture about equal the static energy 
the points lie close the line drawn through 100%. 

The relationship the tenacity and elonga- 
tion shown Figure The yarns having elonga- 
The yarns having tenacities below vary 
elongation from 26% 750%. 

There appears general relationship between 
the tenacity and impact energy rupture the 
yarns, between the impact energy rupture and 
elongation. Evidently neither the tenacity nor the 
elongation alone can used for estimating the im- 
pact energy rupture. 

The values energy recovered, expressed 
percentage the energy input when the yarn loaded 
The results Wegener and Geuthe [5] show 
verse effect. Unfortunately impossible examine their 
results critically for possible explanation this reversal 
because insufficient details are given for the impact testing 

conditions. 
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the breaking strength, give indication 
the portion the total energy stored the yarn. 
Safety equipment made from yarn that has the ability 
store large portion the total energy developed 
stopping the fall man will jerk 
This would increase the hazard the man. 

low value for energy recovered, for yarns nos 
little also indicates that the 
terial will permanently stretched and therefore 
Safety 
equipment made from such material would unsuit 


longer effective for absorbing impact load, 


able for further use after impact load that utilizes 
any considerable part its energy-absorbing ability. 


The increased length and change appearance the 
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elongated member should clear indication the 
loss value and necessity for replacement. 

The results also indicate that yarns nos. 
and exert less force the clamped ends for given 
energy absorption than any the other yarns 
lation the strength the anchor and also the de- 
celerating force that the human body can withstand. 

Yarns nos. and showed great reduc- 
tion elongation after drying for 120 hrs. 
oven 
after cooling the dried specimens desiccator for 


still greater reduction was found 


Yarns nos. 18, 
20, and 21, when similarly tested, showed essentially 


Under these conditions the 
impact energies rupture the first group would 


change elongation. 


greatly reduced, with appreciable change for 
the second The dried specimens the first 
group quickly recovered the high 
they from 


the atmosphere the room. These qualitatively ob- 
served changes the elongation the yarns are 
substantial agreement with the results quanti- 
tative static tests made Kaswell 70°F and 
lon was from 1.0 1.2 g./den., whereas 
the elongation was decreased from 373% 16%. 
The static energy rupture was decreased from 
70°F the tenacity fully drawn nylon 


creased from 8.0 9.3 g./den., the elongation was 
increased from 12.7%, and the static energy 

should pointed out that the true value 
property obtained test yarn not realized 
when the yarn used make complex structure, 
property, such breaking length tenacity, 
complex structure such rope may only 25% 
This fact 
and also the possible change property under 
high low temperature and extremely low relative 
humidity must given serious consideration the 


the value obtained for the yarn 


selection material for safety ropes 
equipment. 

Since the values the mechanical properties 
yarns are, general, not realized when they are made 
into complex structure, such rope webbing, 
the data given for the yarns this paper cannot 
used directly predict the properties rope 
webbing made from them. 
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shock loads the falling man and the 
anchor may develop when safety ropes made from 
yarns very high tenacity and low extension are 
The same results would obtained over- 
sized rope the low-tenacity and undrawn material 
were used since little drawing the material 
would occur. 

The results presented point the need for impact 
tests rope and webbing made from 
rently used and from the new fibers that have high 
static energies and stable their me- 
chanical properties over the range temperature and 
moisture conditions experienced safety equipment. 
Safety equipment made from the rope and webbing 
should similarly tested. This 
cause such equipment points suspension may 
deviate critically their behavior from the rest 
For example, Stang al. found that 
nylon webbing broke under impact the D-ring 
which formed its upper terminal and that the broken 
ends were fused, indicating insufficient dissipation 


the rope. 


the heat created the impact load this point. 
The impact energy absorbed the nylon webbing 
was less than the static energy. The relationship 
load elongation should evaluated during the 
application the impact load, and the effects tem- 
perature, moisture conditions, and storage the re- 


sults should ascertained. Such tests would de- 


termine the value the newer materials for use 
safety equipment and 
needed for the development standardized perform- 
ance tests for the materials and equipment. 
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Investigation the Frictional Properties 
Fibers under Variable Fiber 


Bruce Gardner 


IRS have given discouraging out- 
look the problem determining the frictional char- 
acteristics yarns and fabrics pointing out the 
complex interrelationship the 
properties the fiber, the yarn, and the fabric. One 
field study has involved the frictional nature the 
individual fibers and how affects the processing 
characteristics and properties the various textile 
tures are reality only geometrical complexities 
the basic fiber, evident that the solution the 
problem can best achieved study the fric- 
tional nature the individual fibers. There 
definite need for easy means measuring this 
frictional properties the fibers would utmost 
value the textile industry. 

was with this mind that study was under- 
taken the author develop means measuring 
the relative frictional properties individual textile 


Development Apparatus 


the development fiber frictional testing 
vice, was thought essential that realistic considera- 
tion given the nature fiber-to-fiber contact 
textile materials. Thus, machine 
principle the fiber twist method was essential, be- 
cause this most nearly approaches actual fiber-fiber 
contact conditions textile materials. method 
developed consists suspending the fibers 
measured from the alternating arms the machine 
under any desired tension applying weights the 
ends the inserting twist, the fibers are 
brought into contact; they are rubbed together ver- 


tically the arms, which move alternately and 

Presented part the Cotton Research Clinic, 
tional Cotton America, Pinehurst, C., Feb. 14, 
1952. 

This paper based thesis for B.S. degree 
ness and Engineering Administration, 
tute Technology, June 1951. 

Research and Development Command, Wright 
Patterson Air Force Base, Dayton, Ohio. 
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then increased until slippage the 


The number turns twist necessary stop fiber 
slippage can taken arbitrary unit meas 
ure the frictional resistance the 
twisted. 

The fiber frictional measuring device shown 
principle its operation. Fibers are each 
suspended one end the alternating armis and 


Weights and are applied the other ends 
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the fibers. Figure shows the fibers 
gether produce the frictional drag against each 
other the arms and are alternately raised and 

The method based the theory for the meas- 
urement friction between single fibers the fiber 
twist method developed Lindberg and Gralen 
Figure represents undistorted fiber twist, 
with the forces acting under low interfiber friction. 
Figure shows distorted fiber twist, with the posi- 
tion fibers and forces acting when interfiber fric- 
tion causes fiber slippage cease. the angle 
two fibers the twist; the area contact 
along the straight line 

Consider two cylindrical the same diam- 
eter twisted about each other. Let applied ten- 
frictional coefficient, angle between the two fibers 
the twist, total normal force between the two 
fibers, and normal per turn. 

Then, accordance with the theory given 
Lindberg and Gralen, the normal force per turn can 


expressed 


sin 


pendent the normal force and the area contact, 
and that the applied tension equal the friction 


(1) 


and the total normal force acting between the fibers 


(2) 


assuming that the frictional coefficient inde- 


force when slippage stops, the applied tension can 


expressed 


pN, 
or, from equation (2), 


= 


(3) 


(4) 


substituting the expression for from equation 


(1) into equation (4), 


eliminating and solving for 


sin 


(6) 
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where sin (8/2) may considered constant 
for any setting the device. 

Thus, can seen that the coefficient friction 
varies inversely with the number turns, and 
increase decrease will indicate inversely 
proportional increase decrease the coefficient 
friction. The principle the frictional testing de- 
vice basically contained in, and can best ex- 
plained by, equation referring equation 
(4), can seen that the two fibers slipping 
each other contact will continue slip until the 
number turns twist increased the point 
where the product the terms the right side the 
equation, which the frictional force between the 
fibers, equal the tension the fiber, the 
left side the equation, which the force causing 
equation (1), can seen that any change the 
value will cause proportional change 
(6), dependent only the coefficient friction. 

The present study not concerned with the de- 
termination absolute values the frictional coeffi 
cients. The main objective show the relative 
frictional resistance offered various textile fibers 
under various normal and tangential 
culation absolute values the frictional coefficients 
would possible using the relationships given 
the theory presented for the fiber-twist The 
resulting relationships between the frictional coeft- 
cients and the normal pressure would identical 
the relationships found between and since 
the coefficient affecting directly proportional 
values obtained are, course, sub- 
ject machine errors, but such machine errors can- 
cel out when comparing fibers, and thus may neg- 
lected for purposes fiber comparison. 


Preparation Fibers for Testing 


The problem relatively simple for those natural 
fibers whose lengths are excess the distance be- 
tween the suspension arms the frictional testing 
device and the guide wires the twisting mechanism, 
and also for continuous-filament synthetics which 
can cut the desired length. such fibers 
and continuous filaments, only necessary glue 
small copper wire hook each end the fiber and 
then hang the fiber one the suspension hooks 
located the arms the other end 
the fiber then passed through the corresponding 
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guide wire the twisting mechanism, with the hook 
this end the fiber being used for applying any 
desired stress the The other fiber making 
the pair mounted similar manner from 
the other suspension hook and corresponding guide 
wire. For shorter natural fibers and staple synthetics 
the best method found glue fine silk thread 
the proper length each end the fiber. The other 
end this silk thread turn glued 
fiber and thread 
assembly then mounted the device the same 


copper wire hook before. 
fashion with the longer essential that 
the fibers positioned midway the suspen- 
sion hooks and the wire guides that upon the in- 
sertion twist fiber contact will first occur the 
mid-point each apparent that the mini 
mum fiber length tested limited the length 
the fiber twist necessary stop slippage the fibers. 

The fibers tested were subjected standard con- 
ditions (70°F and relative humidity) for hrs. 
prior testing and during testing far facilities 

essential that extreme care taken keep 
the fibers tested clean possible prior 
testing. Thus, fibers should not handled placed 
where they are apt pick foreign matter that 
might contaminate the surface the fiber. 


Device Adjustments 


the device, may necessary further align the 
fibers vertically and adjustments 
can made the vertical adjustment screws the 
arms and the helix adjusting screw, respectively. 

The relative speed between the fibers, the length 
travel the fibers, and the helix angle between the 
fibers can all varied changing the 
oscillation the arms through adjustment the 
driving mechanism. The length travel varied 
The helix 


angle can varied changing the distance between 


adjusting the length travel the arms. 


the arms and making corresponding adjustment 
the wire For purposes comparison the 
various fibers tested, was deemed essential that 
these variables remain constant throughout the tests. 
length travel in., and helix angle 
were found the most satisfactory conditions for 
the tests. 
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Testing Procedure 


After the fibers have been mounted and 
essary adjustments made, the fibers are brought 
just into contact and the indicator pointer set 
zero turns. The arms are now set and 
twist inserted the fibers until 
ceases. The number turns required observed 
and recorded, and the fibers are untwisted until the 
dial again reads zero turns. This procedure should 
repeated until the values obtained are reasonably 
reproducible. The whole procedure should 
peated for values applied fiber tension, ranging 
from mg. the point where fiber breakage oc- 
Since single fiber required carry the 
combined load carried each fiber when fiber slip- 
page ceases, the latter value limited one-half the 
take readings various values fiber tension 
order study the effect crimp and fiber stress 
the frictional coefficients. Only pairs fibers 
for each type fiber were tested because was de- 
cided that this was ample for the purposes this in- 
following the above procedure, the 
values obtained are for static friction. Kinetic 
friction values can obtained tapping the 
twisting device lightly, which will cause the fiber 
being held the static frictional force between 
the fibers slip again. repeating this process 
while increasing the turns twist, state finally 
reached which tapping will cause the previously 
held fiber slip extremely low and constant 
This kinetic value naturally de- 
pendent the judgment the observer, and, while 
easily observed with some types fibers, 
hard distinguish from the static value with other 
types fibers. 

important that the fibers twisted very 
slowly (preferably one turn per cycle) elimi- 
nate any build-up torsional stress the fibers due 
twisting. 


Results and Discussion 


The friction-stress curves the various textile 
fibers tested are shown Figures 6-15. 
graphs show the relationship between 
cal the number turns twist, 1/n, which 
directly proportional the coefficient friction, 
and the applied tension the fiber, which in- 
creases direct proportion the normal force, 


TEXTILE JOURNAL 


The reciprocal the number turns twist, 
was plotted the ordinate that the resulting 
curves would downward slope for decrease 
trary, all curves are for the static value 

will remembered that the theory for 
ideal case where cylindrical 
the same diameter are twisted together, and where 
further assumed that the frictional coefficients 
are independent the normal pressure and the area 
these conditions and assumptions are 
considered valid for the fibers tested, then one 
would expect the relationship between and 
series lines parallel the axis, with 
the distance each line from this axis being de- 
pendent only upon the coefficient friction the 
pair fibers being few textile fibers 
approach this ideal case, investigators 
have shown that the coefficient friction 
pendent the normal force the 
tween and for the fibers tested 
not the form constant, but, rather, 
described curve with decreasing 
may accounted for the most part the 
present most the fibers low values 
They may also due partly the rigidity the 
fiber low values causing nonideal twist. 
This latter explanation may more valid for the 
continuous-filament fibers where crimp 
ent, but even this case the fibers are frequently 
slightly wrinkled state while under low stresses. 
The /or coefficient friction would 
little meaning and value this range the 
curves, but the frictional resistance found 
this range the curves that 
sliver and rovings and therefore should 
ample 

was found essential that kept small 
possible when comparing various 
value approximately for was used. 

The effect build-up static charge between 
the fibers during rubbing has been 
the tests were conducted relative 
though future investigation fiber friction 
lower humidity may have take the effect static 
into account. 


i 
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Cotton 


Figure gives over-all picture the relative 
frictional properties the various cotton fibers tested. 
should observed that the long-staple fine Amer- 
ican Upland has higher clinging power 
short coarse Indian cotton. This not agree- 
ment with the results found previous investiga- 
tors that the coarser cottons have higher clinging 
power. However, will noted that the Indian 
cotton does have higher clinging power 
other finer cottons tested. Cotton fibers are usually 


crimped, but the may neglected 
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greater than 200 should, however, 
pointed out that the value which the crimp 
removed variable different 


between 


cottons well between fibers within the same 


believed that the value the 
crimp removed important property the 
fiber with regard its clinging power 
which deserves further study 

The clinging power cotton affected not only 
the presence but also many other 
factors due the complex nature the 


cotton fiber can best deseribed with 
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distinct twists about its longitudinal axis, with helix 
known spirals The contact be- 
tween cotton fibers, even highly twisted cotton 
strand, intermittent, with contact occurring the 
presented evidence that there also interlocking 
the convolutions which can seen 
microscope, but the number fiber contacts few 
even high normal pressure. Thus, the number 
convolutions, the regularity convolutions, the 
ratio convolution between fibers, and 
versals the may all have effect 
the clinging power the 

Although the present machine very adaptable 
this type study, time limitations prevented 
investigation the effect these factors. 
investigation was made the effect temperature 
and humidity the clinging power, although de- 
crease clinging power was observed for 
crease erimp and the number 
convolutions per inch vary with the moisture con- 
tent the fiber, which may possibly the cause. 
The wax content, maturity, and mer- 
cerizing not investigated, but the author feels 
that they probably all have effect 
the wax from the 
probably increase the clinging power, since would 
expose the fibrillar cellulose 
cotton fibers swells them more cylindrical shape, 
convolutions; this also results 
due closer packing the fibers and 

[2] his study quality said 
that the fibers should during drafting, 
but that high friction desired spinning. High 
fiber friction naturally increases the strength the 
finished yarn, but much work has yet done 
before the relationship between the frictional char- 
acteristics fibers and the resulting drafting and 
spinning properties are fully pos- 
sible that the shape the frictional characteristic 
related with the behavior the fibers during draft- 
ing. other words, the behavior the fibers dur- 
ing drafting spinning may more dependent 
the relationship between the values 
particular fiber different stresses than the 
value the friction any particular stress. 


TEXTILE RESEARCH JOURNAL 


investigation the effect the relative speed 
which the fibers are rubbed was made, and was 
found that higher speeds the fibers chattered, al- 
though change the friction was observed. 
investigation this effect was made fibers other 
than was chosen just low enough 
prevent chatter between cotton fibers, 
used for all the fibers also important 
that the speed low enough that fiber behavior 
can observed easily. 

The effect colloidal silica dispersions the 
clinging power cotton was observed (see Figure 
7). Clinging power increased upon the application 
silica, and was greater the normal pressure in- 
This expected, since higher normal 
silica can take effect. Continued rubbing the 
fibers treated with silica caused slight increase 
the friction observed high values normal pres- 
the silica particle deposited 
the agglomerates break into 
which were turn distributed along 
causing more uniform distribution silica 
and thus greater friction. Continued rubbing 
fibers without silica caused slight decrease 
served decrease friction between fibers with 
increase therefore possible that 
the decrease friction observed due localized 
increase temperature between the fibers 
abrasion. There was less variance fiber 
pairs treated with colloidal silica than 
treated pairs, which indicates that the 
silica-treated fibers under better control than that 
silica caused marked flattening 
stress curve; or, effect, the percentage change 
drag for given change fiber stress was much 
less when the total drag had been increased the 
presence 


Nylon 


Unstretched filament nylon was tested, 
resulting curve shown Figure Little vari- 
ance was found fiber pairs tested 
parison with the other fibers would 
expected since nylon fibers have fairly uniform 
circular cross section, which not characteristic 
the other fibers chatter, was 
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present during fiber slippage. The vibration seemed 
crease frequency until reached value about 


1800 


fast and severe tapping the fibers 


which time the fibers stuck together 
point caused the fibers stick together 
creasing value for increasing This same 
sticking effect was also observed for cuprammonium 
rayon (Figure and Dynel (Figure 10), but 
chatter was present with the cuprammonium rayon. 
permanent elongation the nylon was observed 
the chatter was due the particular velocity 
which the fibers were rubbed, and may not pres- 
ent different The effect velocity 
was not investigated, and thus 
study. 


values were 


amplitude vibration was observed, but cementing 


friction was found for Fortisan. 
observed, and are given Figure 
action. This fiber was more slippery than any 
the other fibers tested. 


Ramie 


Ramie has very structure, 
which probably accounts for the high 
served (see Figures but the results seem 
contradict the general belief that the difficulty 
processing ramie fibers due the slippery nature 
the fibers. 


Rayons 


Italian Snia, Purlino, and 
were tested, and the results are shown Figure 11. 
The Tovis rayon was very fine and had 
crimp, which disappeared when reached 100 mg. 
and thus had little effect. 
but did have slight wrinkles values less than 
100 mg. 
and crenulated cross section, and should com- 


The others had crimp, 
The Tovis viscose has very low friction 


pared with the Italian viscose, which has 
high friction and cross 
higher values all three showed decrease 
friction due continuous This 
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decrease was observed retesting 
pair fibers after the fibers had elongated 
elastic fibers, care must taken when approaching 
that the fibers are actually slipping and that one 
not just observing stretching the 
fibers one end the structure. 


and Mohair 


The curves found for wool and mohair are given 
were obtained for both 
the anti-scale friction and friction. 
anti-scale friction was observed mounting one 
fiber with its tip end upward and the other with its 
tip end downward, and then 
fiber slip was the direction. aver 
age value was obtained mounting both 
fibers with their tip ends either down, where 
the fiber slips tip end root average 
value was obtained because was found 
observe the was expected, 
the anti-scale friction was found greater than 
the average friction. would expect the average 
friction greater than the friction 
the latter were catching 
tion was observed when the fibers slipping 
the anti-scale direction, while such action was 
apparent when observing average values 
The fine crimp present with the territory wool can 

There are several observations which 
made from inspection the resulting curves 
will observed that the slopes 
curves are quite steep high values would 
appear first that dependent the normal 
pressure great extent, but possible that 
The 


explanation would seem that the scales cause 


the coefficient friction depend the apparent 
area contact and increase with increase 
the apparent area Lindberg and Gralen 
such between the coefficient 
tion and the apparent area contact was the 
explanation. They considered the 
being composed two parts: one part the 
same the friction, and dependent the 
normal pressure like other fibers, and the other part 
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being due the which also dependent 
the normal pressure. very low normal pres- 
sures, few scales will contact each other because the 
scales are various heights and will not always co- 
fibers. 
higher normal pressure, the friction due the scales 


incide with one another 
will increase, but will reach limit when the 
mum possible number scales come into contact. 
Likewise, the apparent area contact 
creased, the resistance due the 
tionally Since for constant area con- 
tact the resistance due scales reaches maximum, 
the difference between the friction with scales and 
without scales would proportional 
the normal force and after the maximum reached 
would decrease with normal pressure. 
Thus, this theory can concluded 
crease the apparent area contact 
increases with the normal pressure even faster 
rate than when the scales are not present, until the 
The 


found are excellent agreement with this theory. 


Lindberg and Gralén considered this theory 
light the ratchet theory, which reputed most 


theory valid just difference the angle 


authors, but not necessary ratchet 
contact the scales the with-scale 
scale direction will cause the same 
fiber behavior for these fibers, indicated 
the curves marked (7) and Fibers behaving 
give curves similar those found for kid 
will ob- 


served the average friction value behaves 


behaving (2) are unexplainable. 


time the average friction curve crosses 


scale curve, giving higher friction the average 
given, unless possibly connected with the 
deformation the scales stress concentration. 
However, should stressed that was only ob- 
served for the average value and not for the anti- 
friction. Also, decrease the friction 


tinuous rubbing the fibers. This certainly 


phenomenon which deserves 
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Conclusions 


means for investigating interfiber friction has 
heen developed. The resulting instrument based 
the fiber twist its usefulness tool 
investigation the study interfiber friction has 
been Its main virtues are its broad adapta- 
bility and simplicity and its realistic consideration 
the nature interfiber contact textile materials. 

The presence fiber crimp was found 
crease greatly the frictional resistance the fibers. 

Evidence was found that the coefficient fric- 
tion may dependent both the real and apparent 
areas contact for wool, and hair fibers possessing 
some form scales, and cotton. 

crease greatly the clinging power cotton, and 
give better control over cotton fiber friction. 

was shown that the shape the frictional 
definitely correlated with its behavior during 
ing—that is, the behavior the fibers during drafting 
spinning may more dependent the relation- 
ship between the values the friction particular 
fiber different stresses than the value the 
friction any particular stress. 


Recommendations for Future Investigations 


The friction between two single fibers 
ferent types should investigated give insight into 
the interfiber friction the blending textile fibers. 

study the effect the number convolu- 
tions, the uniformity convolution, the maturity, the 
wax content, and mercerizing the clinging power 
cotton should made. 

Further study must given the effect col- 
loidal silica and other roughing agents the cling- 
ing power 

Correlation should made between 
tional nature fibers tested and the drafting and 
spinning properties these fibers. 

The nature interfiber contact stud- 
ied observing the slippage fibers the machine 
under the microscope. 

Further investigation must made the effect 
velocity and helix angle fiber friction. 

The effect the stress-strain properties 
particular fiber the friction that fiber should 
investigated. 

The machine should used study the abra- 
sion properties textile fibers. 
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Further fiber testing should done com- 
pletely statistical basis, which the frictional testing 
device developed particularly adaptable. 
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Single-Fiber Load-Elongation Tester for Cotton’ 


Rollin Orr and James Grant 


Southern Regional Research New Orleans, 


Abstract 


single-fiber tester the type employing constant rate loading described 


Designed 


especially for obtaining load-elongation curves addition end-point data fibers, 


employs coiled-spring and optical means recording 
that permit cyclic loading studies and static life determinations 


Devices are incorporated 
oven and humidification 


tank are provided for testing various temperatures and under moisture conditions 


fibers taken from treated fabrics aid the analysis 
and performance. Owing the extreme variability 
cotton fibers and the large number tests that 
must made, the tester used such investigations 
should simple operate and adjust, and must 
give results rapidly and accurately. 

Studies the Southern Regional Research Labo- 
ratory breaking load and elongation break 
single cotton fibers have been reported 
The tester used those investigations, while met 
the above requirements, gave only the end-point 
determinations. 

The tester described here, which also accurate 
and simple operate and adjust, gives load-elonga- 
tion and cyclic loading curves single cotton fibers 
under various temperature and moisture conditions, 


*The principle and construction this instrument were 
discussed very briefly paper presented before The 
Fiber Society, Fontana, C., Apr. 27, 1950. 

the laboratories the Bureau Agricultural 
and Industrial Chemistry, Agricultural Research Adminis- 
tration, Department Agriculture 


This 


was developed because there was then none the 


well determinations. tester 


market suitable for use such 


Types Testers 


The two general types testers described 


literature were considered for use 
single fiber properties. 

the first type, tension results from the dis 


Gonsalves and the German testers and 


amples are the 


the chainomatic loading testers Meulemeester 
and Sookne and Rutherford [21]. 
the pendulum type are slow and tedious operate 


Testers 


since even slight movements the weight attached 
the fiber may cause relatively large inertia forces 
set such instruments, and extreme care 
required attaching the slow rate 
weight. 

the second general type tester, 
applied the fiber deforming elastic mem 
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ber. Testers this type may classified into 
testers Polanyi Steinberger Lonsdale 
Sikorski and Asmussen the move- 


ment the elastic member slight compared the 


two one 


magnified optical electrical means. 


tion the fiber measured directly from the dis- 


tance traveled clamp opposite the elastic 


ber. Most electric strain-gage instruments 

the other group this second type tester, 
the movement the elastic member great com- 
parison the elongation the fiber. The testers 
lustrate this type. The latter instrument was used 
extensively Meredith The deformation 
the elastic member large enough serve 
measure force without magnification, and only 
small correction due the elongation the fiber 
elongation measured with meas- 
uring microscope optical lever system which mag- 
nifies the movement the fiber end clamped the 


elastic member. slight movements the elastic 
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member produce only small changes the tensional 
force the fiber, testers this group are less 
sensitive small external vibrations the equip- 
ment than the pendulum type testers. They can 
operated faster rates loading, and the opera- 
tion clamping the fibers without damage 
speeded up. the design the instrument de- 
below the principle testers the last 
group was arrangement parts, the 
values the spring constant, and the design the 
optical system were adapted meet the require- 
ments for testing cotton fibers. 


Description and Operation 
General Design 


The single-fiber tester illustrated Figure 
nism, temperature control oven, 
humidification tank, 


and 


elongation mechanism. The fiber held between 
the clamps, and applied the fiber 
elongation coiled steel spring, attached 


the upper clamp, The spring elongated with 


Fic. Photograph single- 


fiber tester. 
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ladder chain, which driven the motor 
through variable speed unit, 

Elongation the fiber about 
Light from the 


illuminates the pinhole, 


times optical lever system. 
lamp, image 


screen, reflection from optical lever mirrors, 
and 
about the horizontal axis, cause the vertical 


The 


and 


the fiber rotates optical lever 


movement spot light the screen, 
optical lever supported pin bearing, 
attached the upper clamp, small ball and 
the screen rotation the long mirror, about 
The 


angular rotation the long mirror proportional 


vertical axis which geared the motor. 


the elongation the coiled spring. Thus, the 


spot light traces load-elongation curve 


nism the single-fiber 
and gear drive. A—Light source. 
and pinion. 


and clamps. 
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screen. load may read directly from 
the counter, which geared the ladder 
chain read directly grams when 
with 1.0 spring constant used 


Circuit 


switch contacts the position for the 
fiber. hand-operated control switch, located 


When 


ina position easily accessible the operator, 
fiber breaks, sensitive switch, 
mally closed the motor, thrown the move- 
ment the upper stop the reversible motor, 
and actuate brake, which prevents over 
coast the Upper and lower limit switches, 
are opened lugs attached the ladder 
chain. Switches are single-pole, double 
throw, snap-action switches; 
used obtain the static life fiber under load 
lamp, illuminates the pinhole, 2). 
loading curves between zero and fixed load 
where 


Other 


are obtained placing control switch 
will reversed lug the ladder chain. 


cyclic are done manually. 


Temperature and Humidity Controls 


While atmospheric conditions during the test are 
usually those standard for textile testing, often 
desirable evaluate the elastic properties 


fibers 


electric heater controlled with mercury 


Fic. 3. 


Diagram electrical circuit 
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regulator. The humidity controlled bubbling 
tank (Figure containing water the desired 
dew point temperature. The saturated air heated 
above the dew point electrically 
which carry the air into the oven under 
pressure increase circulation. rate flow 
about 0.5 cu. ft./min. rapidly restores the conditions 
changed opening the oven mount specimens. 


Calibration Tester 


The tester calibrated for load-elongation meas- 
urements with standard weights gripped the up- 
per jaw (Figure Paper placed over the 
screen, and the path the spot light traced 
the upper jaw slowly raised. Weights are 
elongation axis calibrated gripping paper 
the jaws and tracing the path the spot light 
the spring elongated. This repeated with 
each 0.1 mm. advancement the jaws. The jaws 
are moved with the rack and pinion (Figure 
The jaw position checked with 
The calibration chart (shown 
departure from orthogonal coordinates due the 
variation magnification the optical levers over 
the areas the chart. 


Mounting 


The single fiber attached the opposite sides 
U-shaped fiber mount, described previous 
publications 

Tension often developed fibers due warp 
paper mounts when the cement dries. 
sulting fiber breakage and lowered elongation have 
been reduced the use aluminum foil. The foil 
roughened with fine sandpaper increase adhe- 
sion the cement. cement that would usable 
over the wide range temperatures and moisture 
conditions needed the testing fibers, without 
either some slippage breaking due strains 
the cement fiber junction, was not found. One con- 
tions, where slippage 0.03 mm. obtained 
fibers mm. specimen length. Cellulose acetate 
was used for temperatures above 


TEXTILE RESEARCH JOURNAL 


cotton fiber 


steel spring 


LOAD (gm) 


(mm) 


ELONGATION 


cotton fibers 


/ 


} 
/ cotton fiber 


LOAD (gm)- 
LOAD (gm) 


ELONGATION (mm) ELONGATIO 


curves. 


Testing Procedure 


After the fiber attached and the cement has 
hardened, the lower section the cut off the 
mount, leaving the fiber known specimen length 
attached the tabs. The tabs are placed 
clamps (Figure and and small initial 
load (0.2 g.) applied remove most the natu- 
ral curls before beginning the record. The spot 
light adjusted read zero elongation move- 
ment the lower clamp. The specimen length 
accurately determined this time with measuring 
microscope. Length measured only ten 
each 100 specimens, since the variation specimen 
page the glue are also made these fibers. 

record the movement the spot light across 
the screen usually made tracing the spot with 
made placing photographic paper against the 
screen, but the photographic process used only 
high rates loading. only breaking load and 
elongation break are desired, the elongation can 
followed visually movement the spot 
light graduated scale and the reading noted 
when the specimen fails. Breaking load then read 
from the counter C), but must corrected 
for elongation the fiber. Since the spring con- 


~ 5 
4 
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stant about 1.0 extension, the correction 
for cotton fibers tested in. specimen length 
about 0.05 
breaking load; however, considered negligible 
the calculation variance. 


This correction made average 


Load-Elongation Curves 
Typical Curves 


Figure shows typical load-elongation curves 
which represent the trace the spot light re- 
corded bromide paper. Curve the trace 
the spot when steel spring was placed between the 
fiber clamps. The spring was loaded and 
unloaded zero load give the loading 
loading curves. The traces were nearly the same 
Curve 
the trace the spot when cotton 
loaded 


that the differences were unobservable. 

The loads were increased 
units for each cycle. The plastic flow and 
hysteresis loops the material are evident from the 
curve. Curves are the load-elongation curves 
four fibers the same length from sample 
Rowden cotton, illustrating the differences elastic 
properties individual fibers from the same cotton. 
Curve shows the load-elongation curve fiber 
which was loaded g., and then subjected nine 
unrecorded cycles repeated unloading 


ing, followed the recorded tenth cycle. 


Use Curves 


Load-elongation curves can obtained with the 
instrument the rate fibers hour. This 
rapid rate testing means that the number tests 
needed for reliability can made within length 
time considered practical for 
The precision for measurements strength and 
elongation break for 300 fibers about within 


the 90° confidence interval. 


Load-elongation curves obtained with this single- 
fiber tester have been useful the Southern 
gional Research Laboratory investigations the 
changes. elastic properties cotton fibers 


Re- 


509 


result mechanical processing chemical 
fication 
studies the 
mechanical properties textile 


and heat degradation 
curves are essential fundamental 
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Effect Wetting Agent the Hydrolysis 
Highly Methylated Cotton Cellulose 


Richard Reeves and Bernard Barrett 


Southern Regional Research Laboratory,* New Orleans, Louisiana 


Abstract 


The acid-catalyzed, heterogeneous hydrolysis highly methylated cotton cellulose has been 
investigated, with particular attention the effect incorporating wetting agent the 


hydrolysis medium. 


was found that the amount fast-reacting material was small when the 


aqueous acid did not contain wetting agent, but was increased severalfold the presence 


active wetting agent. 
the wetting agent. 


STUDIES the heterogeneous hydrolysis 
highly methylated cotton cellulose, Reeves, Barrett, 
and Mazzeno observed that the intrinsic viscos- 
ity (in chloroform) the material not dissolved 
the hydrolysis medium passes 
through minimum, and then increases 
longed hydrolysis. minimum values were 
obtained for each five batches methylated cot- 
ton cellulose prepared from the same purified 
The values ranged from 0.37 0.58 and 
varied with the manner preparation the methyl 
cellulose. 

Steele and Pacsu hydrolyzed 
highly methylated cotton cellulose 
viscosity 0.64 They calculated that this 
viscosity represented average degree polymeri- 
zation about glucose units, pointing out that 
their results supported the theory Pacsu 
which requires the occurrence regularly spaced 
weak linkages cellulose about every glucose 
units. But the fact that minimum viscosity 
fluenced the method methylation precludes 
the use viscometrically determined degrees 
polymerization measure the distance between 
weak linkages existing the cellulose before meth- 

The downward trend exhibited even the most ex- 
tensively hydrolyzed samples reported Steele and 
Pacsu suggested that they may have been mis- 


One the laboratories the Bureau and 
Industrial Chemistry, Agricultural Research Administration, 


The rate constant for the slow-reacting material was also increased 
The minimum viscosity reached during hydrolysis was the same 
presence the absence the wetting agent. 


taken assuming that limiting viscosity had been 
reached their work. investigate 
bility, sample highly methylated 
lose was hydrolyzed under the same conditions that 
they had employed, but for longer periods time. 
The viscosity continued decrease long after the 
time when Steele and Pacsu had terminated their 
hydrolyses. 

Comparison our results using Steele and 
conditions (no wetting agent) with our previous re- 
sults (with wetting agent) led the discovery 
that the course hydrolysis highly methylated 
cellulose markedly affected the presence 
wetting agent. 


Experimental 


The highly methylated cotton celulose 
and designated batch the previous 
publication This batch had the lowest mini- 
mum viscosity and the feast pronounced viscosity 
increase upon prolonged hydrolysis any the five 
batches investigated. contained 44.5% methoxyl. 

Hydrolyses were conducted with 
acid flasks immersed water bath regulated 
60° 80° and without wetting agent, 
described Steele and Pacsu compari- 
son, some additional experiments were 


the wetting agent All samples were 


The mention trade product does not imply its en- 
dorsement the Department Agriculture over similar 


products not named. Aerosol stated the manu- 
facturer isopropyl naphthylsulfonate. 
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TABLE 


wetting 
agent 


Aerosol OS, 
0.10 g./100 ml.* 
Intrinsic 
viscosity 


Intrinsic 
viscosity 


94.7 2.16 93.7 
93.4 .98 85.2 
75.4 
71.6 
144 77.6 59.8 
288 61.6 45.8 
380 55.7 


These data were presented graphical form [3]. 

Identical values were obtained with duplicate samples, 
one which was shaken only the start the hydrolysis 
period and the other shaken continuously during the hydrolysis 
period. 


shaken vigorously with the aqueous acid for sev- 
eral seconds immediately after mixing and only in- 
termittently thereafter, except for one set dupli- 
cate samples. investigate the possible influence 
shaking upon the rate hydrolysis, one 
was shaken only the start the hydrolysis period, 
while duplicate sample was 
these samples were hydrolyzed for hrs. 80°C 
without wetting agent. 

After hydrolysis the undissolved residues were 
filtered sintered glass crucibles, washed free 
acid with hot distilled water, and allowed dry 
They were then weighed, and viscosity de- 
terminations were made most the samples. 

Viscosity measurements were made 25°C with 
the samples redistilled 
Three different concentrations were 


sample, and intrinsic viscosities were computed 
linear extrapolation zero concentration the 
function versus concentration, Each chlo- 
roform solution was passed through sintered glass 
disc before determination its viscosity, but the 
amount material retained the disc amounted 
less than for most the hydrolyzed specimens. 

Although Gibbons presented data which indi- 
cates that portion the ether-linked 
removed during the drastic hydrolysis 
methyl cellulose, has been observed and 
confirmed that appreciable amount ether- 
linked methoxyl removed from the insoluble phase 
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Fic. The percent residue remaining during the hy- 
drolysis methyl cellulose with HCl 


0.10 Aerosol per 100 ml. 


during heterogeneous hydrolysis under the condi- 
tions employed the present experiments. 


Results and Discussion 


Table records percentage residues and intrinsic 
viscosities after hydrolysis for various periods 
time 80°C with and without the wetting 
apparent that the decrease viscosity the early 
stage hydrolysis occurred much more rapidly 
the presence the wetting rep- 
resentation the data Table indicated that 
order reach intrinsic viscosity only 2.5 


hrs. were required with wetting agent while 23. 
hrs. were required without. The minimum viscosity 
was first observed after hrs. hydrolysis with 
wetting agent, while the same viscosity was observed 
after 288 hrs. hydrolysis without wetting agent. 
The lower limit for the viscosity was the same with 
without the wetting agent. experiments 
leave unanswered the question whether prolonged 
hydrolysis without the wetting agent 
produced increase viscosity above the minimum 
value such was observed 
drolysis with the wetting agent 

Figure are plotted the percentage residues 
log scale versus the duration hydrolysis 
fast-reacting material and the rate hydrolysis 


The figure clearly shows that the amount 


the slow-reacting material are both 
creased the wetting agent. Apparent first-order 
constants calculated for the slow-reacting material 
from the straight-line portions the curves this 


figure were 2.08 10° with wetting agent 


|=: 

q 
aq 
4 
i 
4 
7 
q 


60°C 


Intrinsic viscosity 
Aerosol OS, 
0.10 g./100 ml. 


(dl./g.) (dl./g.) 
4.45 
2.8 1.3 


wetting 
Hours agent 


2 


INTRINSIC 


» 


HOURS 


Fic. comparison intrinsic viscosities reported 
Steele and Pacsu [4] with those observed this work 
during the hydrolysis methyl cellulose with HCl 
the absence wetting agent. 


and 1.47 without. The intercepts 
zero time, made extrapolating the ordinate the 
straight-line portions the curves, indicate that the 
amount fast-reacting material increased from 
without wetting agent 17% with the wetting 
agent. difference attributable the amount 
shaking was noted (Table I). 


Table records intrinsic viscosities after hydroly- 
sis for various periods time 60°C with and 
without the wetting the viscosity de- 
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creased much faster the presence the wetting 
agent. data, like those recorded Steele 
and Pacsu [4], are not sufficient establish either 
minimum limiting viscosity because they 
not show end the downward trend. 
ever, apparent that without wetting agent the 
minimum value was not reached even after 1,152 
hrs. hydrolysis. 

Since the most drastic hydrolyses 
Steele and Pacsu were 46.9 hrs. 80°C and 366.3 
hrs. 60°C, both without wetting agent, seems 
reasonable conclude that these workers 
their methyl cellulose. This conclusion gains con- 
siderable support from the graphical presentation 
the comparable data, shown Figure this 
figure intrinsic viscosity plotted against the time 
there excellent agreement between the data ob- 
tained the present investigation and that reported 
Steele and Pacsu down the point where the 
latter workers discontinued their hydrolyses. 


Summary 


The rate hydrolysis highly methylated cotton 
cellulose markedly increased the addition 
suitable wetting agent. The wetting agent employed 
these experiments gave fourfold increase the 
proportion highly reactive material. 
also increased the rate reaction during the sec- 
ond stage, the hydrolysis the slow-reacting mate- 
rial. The wetting agent did not alter the minimum 
viscosity the undissolved residue (in chloroform 
but greatly shortened the time hydrolysis neces- 
sary arrive the minimum value. 
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can depend upon prompt service 


“Firstly thank you for the prompt manner 

which you dealt with our cabled request Sep- 
tember 15th. The receipt the parcel days 
from initial request here creates outstanding rec- 
ord for delivery any equipment replacement for 
our laboratory and much appreciated. 
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The above letter from Scott Tester owner 
11,000 miles distant from the Scott factory 


The oldest testing equipment maker the business, Scott Testers, 
Inc., has built reputation for giving good service customers wher- 
ever they may be. Such dependable service users countries 


additional reason why Scott Testers are justly called “Standard 
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Positive static control assured for 
any type fiber, fabric yarn 
through Drew’s amazing, new, com- 
plete spinning lubricants. 

These recently perfected and thor- 
oughly tested agents impart anti- 
static protection and the correct type 
carding, drafting spinning prop- 


DRUSPINS 
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Key the chart that shows the proof: 


Here's the remarkable record DRUSPINS yarns 
ring spun Bradford System. Irregularity un- 
heard minimum 10.0%. 


Chart shows 64's quality Bradford System ring 
spun. Standards unevenness for this type yarn 
are: 13.0%, Poor 
Graph shows 10.0%. 


Druspin type top. Druspin WOR 
added gill box. 


erties any assembly fibers being 
manipulated into yarn. 

There for every type 
fiber blend fibers. Learn the 
advantages and plant-proven use 
Druspins. Indicate the particular 
application you have mind and 
write for information now! 
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